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Abstract 
 
Objective: Prior research has shown a bidirectional relationship between breathing, emotions, 
behavior, and cognitive functions thought to be mediated by the autonomic nervous system (ANS). 
Studies have shown that deep or diaphragmatic breathing interventions are associated with 
improved affect and decreased stress levels, but little attention has been paid to the effects of 
breathing training on cognition. The few studies that have looked at this have shown improved 
attention, memory, and executive functioning as a result of breathing interventions. While 
suggestive of positive benefits, these studies used control groups that are either inactive or 
inappropriate for determining their respective mechanisms of action. While most studies have 
administered breathing training in a research laboratory, it is plausible that a home-based practice 
using a mobile application to guide the breathing/mindfulness exercise is more accessible and 
easier to implement. Participants and Methods: Eighty young, neurotypical, healthy adults ages 
18-29 with elevated stress (Perceived Stress Scale cutoff scores of 13) were recruited to participate 
in a 4-week, single-blind, randomized, controlled trial of resonant frequency breathing training. 
Participants were randomly allocated to the waitlist control group or the breathing group. 
Participants were evaluated at baseline and post-treatment with a cognitive and behavioral battery. 
The participants in the breathing group were instructed to complete 40, 10-minute sessions over 
the course of the four weeks. Results: Findings revealed that the breathing training was feasible, 
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tolerable, evidenced by high retention of participants. Contrary to hypotheses, there were no 
greater improvements on measures of neurocognitive or behavioral functioning in the breathing 
group compared to the waitlist control. Mediation analyses found no effect of an indirect 
relationship between breathing training and stress reduction on cognitive improvement. These 
findings shed light on the effect of deep diaphragmatic breathing, as delivered remotely via phone 
application, on cognitive functioning and self-reported perceived stress. Clinical implications 
include the further need to evaluate the purported salutary effects of breathing training in both 
healthy and clinical populations.  
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Stress is a pervasive occurrence in one’s everyday life (APA 2011; APA, 2018). Whether 
experienced acutely or chronically, stress has clear implications for the activation of biological 
systems involved in both our vital functions as well as our variable and adaptive responses to our 
environments (Miller, Chen & Zhou, 2007; Yehuda, 2001). While there are a variety of methods 
that people employ to manage stress (i.e., listening to music, exercise, socialization, etc.), some 
estimates from surveys in the U.S. general population present the view that a good portion 
(around 49%) of adults do not set aside more than a few times a month to practice these stress-
relieving activities (APA, 2013). There are also clearly documented economic ramifications of 
stress, which costs upwards of $100 billion annually to the United States alone (Goh, Pfeffer, & 
Zenios, 2015). The literature has also demonstrated that stress can negatively impact attention, 
memory functions, executive abilities such as working memory, response inhibition, decision 
making, cognitive flexibility, and social interaction (Arnsten, 2009; Echouffo-Tcheugi et al., 
2018; Girotti et al., 2018; Goldfarb, Tompary, Davachi, & Phelps, 2019; Kim, Pellman & Kim, 
2015; Sänger et al., 2014). 
  The wide breadth of the negative impact of stress becomes increasingly daunting in light 
of the global COVID-19 pandemic, which has affected millions of people worldwide (Stanton et 
al., 2020) and has caused heightened concern for one’s health, the health of one’s loved ones, 
and job security (Stanton et al., 2020). Consequently, the COVID-19 pandemic poses a greater 
need to develop methods of stress management. Recent years have seen the rise of contemplative 
practices such as yoga, mindfulness, and meditation gaining widespread popularity, particularly 
in the Western world(Connolly, 2014). While the literature suggests cognitive benefits of these 
interventions in both healthy and clinical samples there are several methodological limitations 
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that limit the interpretability and generalizability of findings (Gothe & McAuley, 2015). 
Furthermore, a common overlap between these practices is the inclusion of some form of 
breathing technique coupled with a meditative or mindfulness-based practice, which confounds 
the ability to determine the underlying mechanism of cognitive improvement.  The following 
study will attempt to address the limitations in the literature, disentangle the specific role of 
breathing in contemplative practices, and investigate whether deep, diaphragmatic breathing has 
a salutary effect on cognition.  
A Brief History of Stress  
Scientists have been aware of stress and its deleterious effects on human health as far back as 
ancient times (Fink, 2016). However, it was not until Claude Bernard’s 1865 “Introduction a la 
medicine experimantale,” that the physiological underpinnings of stress were first theorized to be 
of importance to biological balance (Fink, 2016). Cannon (1939) later coined the term 
“homeostasis” to describe the management of biological systems within acceptable ranges. Then, 
in 1956, Hans Selye summarized his work on the physiological consequences of stress and was 
the first to operationalize stress as exposures to noxious environmental stimuli (Fink, 2016). It 
was not until 1967 that Holmes and Richard Rahe created the Social Readjustment Rating Scale 
to measure social stressors (Fink, 2009). Contemporary definitions of stress are numerous; 
however, generally, stress can be defined as “any sort of negative event related to demand, 
threat, or harm,” (DaSilva, 2019), while a classical view of stress “implies any challenge to the 
homeostasis of an individual that requires an adaptive response from that individual,” (Sandi, 
2013). Nevertheless, the varied definitions of stress in the literature make it difficult to 
operationalize and are highly dependent on environmental, psychological, and neurobiological 
context.  
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The Stress Response  
Congruent with the difficulties in providing a clear definition of stress in the literature, 
there exists varied sources and types of stress which contextualizes the physiological, 
neurobiological, and psychological underpinnings that can contribute to the possible 
development of stress related disorders (i.e., Major Depressive Disorder, PTSD) (Gunnar & 
Quevedo, 2007; Shahsavarani, Abadi, and Kalkhoran, 2015; Yehuda, 2001). It is therefore 
pertinent to differentiate between acute and situational stress from more chronic or long-term 
stress. For instance, one can experience “situational” or “acute stress,” which can be in response 
to a major life event, an uncomfortable or stressful occurrence, or due to an experimental 
manipulation in a research design (Hammen et al., 2009). Situational stressors typically have 
discrete beginnings and endings and their presence fluctuate with everyday life (e.g., quarterly 
examinations for students, performance reviews for jobs, and arguments with a spouse to name a 
few).  
Human response to acute stress is affected by both the sympathetic-adrenomedullary 
system (SAM) and the hypothalamic-pituitary-adrenocortical (HPA) axis—both systems are 
regulated through their relationship with limbic networks such as the amygdala, medial pre-
frontal cortex, and the hippocampi (Yehuda, 2001). Both have been identified as important, 
interrelated systems, that work to adapt our response to stress and maximize our survival 
potential in the face of physical or psychological stressors (Jankord & Herman, 2008). The SAM 
system is important in the production of catecholamines such as epinephrine (otherwise known 
as adrenaline) from the medulla, which facilitates the production of metabolic resources and 
begins the fight or flight response to stress (Gunnar & Quevedo, 2007). In contrast, the 
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hypothalamic-pituitary-adrenal axis is involved in the production of glucocorticoids such as 
cortisol.  
Classic research has described this initial pathway of biochemical response to stress as 
the HPA axis stress-response cascade. In this process, neuropeptides stimulate the secretion of 
corticotropin releasing factor (CRF), vasopressin, and other hypothalamic regulatory 
neuropeptides (Hammen et al., 2009) via the paraventricular nuclei of the thalamus (Jankord & 
Herman, 2008). The secretion of CRF, in turn, stimulates release of adrenocorticotropic hormone 
(ACTH) from the pituitary, subsequently causing the secretion of glucocorticoids (namely, 
cortisol in humans) from the adrenal glands (Gunnar & Quevedo, 2007), which may take 
approximately 25 minutes to several hours to reach its apogee. Due to cortisol impacting the 
brain through changes in gene expression, the effects of cortisol are typically more drawn out 
and prolonged compared to the effects of epinephrine (Jankord & Herman, 2008). 
Acute Versus Chronic Stress 
In an acute stress response, the SAM system and HPA axis increase the levels of both 
epinephrine and cortisol production, respectively, relative to the severity of the stressor. These 
two systems interact synergistically to provide energy to vital organs (i.e., via catecholamines) 
and also help to moderate and diminish the stress response’s activation of neural defensive 
reactions (Yehuda, 2001) through the negative feedback inhibition of cortisol on the pituitary and 
hypothalamus. Thus, once an acute stressful situation ceases or is removed from a person’s 
environment, the amygdala facilitates the negative feedback inhibition of the HPA axis, 
recruiting the help of the hippocampus to restore homeostasis (Herman, 2020). Although the 
SAM system and the HPA axis are essential for adaptation to stress and survival (Miller, Chen, 
& Zhou, 2007), prolonged exposure to cortisol (via chronic stressful situations and/or 
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environments) can have deleterious effects on our metabolic processes, immune response, and 
cause the development of psychiatric illness (McEwen and Stellar, 1993; Rohleder, 2019).  
Chronic or long-term stress has been defined as “temporal prolongation of stress 
exposure” (Jankord and Herman, 2008) and can cause a continuous increase in heart rate and 
blood pressure that can lead to hypertension and other cerebrovascular risk factors 
(Shahsavarani, Abadi, and Kalkhoran, 2015). Indeed, chronic stress can lead to maladaptive 
responses when the magnitude of the stress response is unequivocal to what is necessary to cope 
with a chronic or long-term stressor. The literature has also described “chronic’ stress as the 
ongoing experience of stimuli that most individuals would find difficult and troubling because 
the stimuli is appraised as threatening and exceeds the individual’s ability to cope (Lazarus & 
Folkman, 1984; Miller, Chen, & Zhou, 2007). There are several examples of stressful situations 
that can lead to the chronic experience of stress such as the indefinite presence of the stimuli in 
the individual’s environment (e.g., a family member that may require intensive and indefinite 
care) and the stimuli being outside of the individual’s immediate awareness (e.g., a sense of 
threat that follows a traumatic event such as sexual assault) (Miller, Chen & Zhou, 2007). 
Connecting chronic stress to the aforementioned HPA axis, a maladaptive response can mean 
either hypersecretion or hyposecretion of cortisol (Herman, 2020). In turn, this can cause 
overactivation or under-activation of the HPA axis leading to stress-related psychiatric disorders 
such as depression or post-traumatic stress disorder (PTSD), respectively (Herman, 2020).  
 In discussing both acute and chronic stressors, it is also pertinent to distinguish between 
traumatic and non-traumatic stressful events. The main discerning features of traumatic stress is 
that such stressors are often sudden, unforeseen, perturbing in nature, and they may relate to 
death and threat to one’s or another’s life or bodily integrity (Miller, Chen & Zhou, 2007; APA, 
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2013). An important feature of traumatic events is that they can be accompanied by the 
subjective feeling of intense terror, horror or helplessness (Cohen, Mannarino, & Deblinger, 
2006; Miller, Chen & Zhou, 2007). There are several examples of traumatic events, which 
include physical and sexual abuse, observing or being the direct victim of violence, severe 
accidents, natural disasters, the sudden death of a parent, sibling, or peer, and exposure to war, 
terrorism, and refugee conditions among other severely distressing experiences (Cohen, 
Mannarino, & Deblinger, 2006).  
Prevalence of Stress  
Stress is a part of everyday life that is regularly monitored and assessed in the general 
adult population (APA, 2011; APA, 2018). A 2011 survey of 1,226 adults by the American 
Psychological Association (APA) determined that 22% of Americans reported “extreme” levels 
of stress (ratings of 8, 9, or 10 on a 10-point scale) (APA, 2012). Another survey of 1,950 adults 
by the APA conducted in 2013 determined that 78% of American adults believed their stress 
levels intensified or remained constant over the course of the last five years (APA, 2013).  This 
survey also documented extreme levels of stress in 21% of the adult American population, which 
is comparable to reports in 2011 (APA, 2018). Moreover, they reported experiencing higher 
levels (5.1 on a 10 point scale) of stress than what they believed to be a healthy amount (3.6 on a 
10 point scale) (APA, 2013). Notably, the 2018 Stress in America survey conducted by the APA 
reported that the average perceived healthy level of stress increased significantly from 2017 (3.7 
versus 3.9), which may indicate a growing tolerance for stress (APA, 2018). Furthermore, 
although the majority of surveyed adults (61%) regularly reported that stress management is 
extremely important to them, only half set aside a few times a month or less for stress relief 
(APA, 2013). This indicates a problem not only with the prevalence of stress but also in its 
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management.  Ramifications of the problem of stress extend beyond the individual’s 
psychological and physical well-being. In fact, regarding the immediate impact of stress to the 
nation, conservative estimates report that stress in the workplace costs the United States 
economy around $125 billion annually (Goh, Pfeffer, & Zenios, 2015). This statistic becomes 
even more salient in the context of additional stressors brought on by the COVID-19 pandemic.  
COVID-19 and Stress  
Since its discovery in November of 2019, the novel coronavirus (COVID-19) has resulted in 
a pandemic affecting millions, with over 118 million infections and 2.63 million deaths reported 
worldwide as of March 2021.  There is concern not only for the risk that it poses on public health 
but also the scale of the impact on global economy and societal standards (Stanton et al., 2020). 
Compared to late March/early April, about 53 million more American adults reported significant 
worry and stress on any given day in July/August 2020 (Witters and Harter, 2020). This 
coincides with the prolonged months of necessary social isolation and physical distancing 
restrictions that have been set by governments worldwide (Shelvin et al., 2020; Stanton et al., 
2020) as well as the increased worry for becoming sick, the health of friends and family 
members, and the economic burden posed by job losses (Stanton et al., 2020). In recent memory, 
our society has never been so restricted and disgruntled by displaced lifestyle behaviors (i.e., not 
being able to exercise as freely as one once did, not being able to travel, learning in virtual 
environments) that lend themselves to increased levels of stress, elevated levels of depression, 
anxiety, and increased rates of maladaptive coping strategies such as smoking and alcohol use in 
susceptible individuals (Stanton et al., 2020).  
 Indeed, the most recent Stress in America survey documents that Americans have been 
severely affected by the pandemic, in addition to continuing to report the same sources of stress 
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as in prior years (APA, 2020). The compounding of different stress factors (e.g., economic, 
social, societal) with the public health crisis has consequently created a mental health crisis, 
which may have long-term implications for health and social consequences (APA, 2020). Indeed, 
calling back toward the stress literature, it is not difficult to fathom how many individuals 
worldwide are facing chronic stress with, at times, limited ability to relieve themselves of their 
stressors. Furthermore, although still being investigated, the possibilities for long-term cognitive 
sequelae from COVID-19 infection may include deficits in attention, executive functions, 
learning, and memory (Kumar, Veldhuis, & Malhotra, 2021). This is cause for concern, given the 
stress that accompanies subjective and objective cognitive difficulties (i.e., frustration with 
completing everyday tasks, awareness of decrements in one’s level of functioning, reduced 
capacity to process incoming information).  
Stress in Young Adults  
While the global pandemic and stress undoubtedly affects everyone, it is consistently 
measured as higher in young adults who are millennials (ages 25-40) or a part of Generation Z 
(ages four to 24) (APA, 2013; APA, 2018). There are a number of documented stressors but, 
overall, the United States people report being consistently stressed about their occupation, 
finances, health-related reasons, and the state of the national economy (APA, 2011; APA, 2018). 
However, young adults who are part of Generation Z are more likely to be stressed by current 
sociopolitical issues surrounding mass shootings, the rise in suicide rates, climate change/global 
warming, the separation and deportation of immigrant and migrant families, and widespread 
sexual harassment and assault reports that are reported in national news (APA, 2018).  
Emerging Adulthood 
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In discussing stress and its effects on the adult population, there is a need to define and 
operationalize the population to be investigated in this study. Indeed, several of the surveys 
reviewed above stratify populations of adults into categories such as Millennials, Generation Z, 
Generation X, etc., which impedes on the ability to evaluate the variability that may exist in not 
only the stressors faced by adults in these overlapping populations but also in understanding the 
prevalence of specific coping strategies.  
The “longer road” to adulthood was coined as “emerging adulthood,” by Jeffrey Arnett 
and is defined as adults ages 18 through 29 (Arnett, 2000).  He explicated that this group 
represents a unique demographic population within the context of contemporary patterns of life 
transitions (i.e., marriage, acquisition of job security, owning a home, etc.,) in economically 
developed countries such as the United States (Arnett, 2014). The distinction between this group 
existing in the context of economically developed countries versus developing countries is key, 
given that socioeconomical issues may warrant children, adolescents and young adults to secure 
a job earlier in life to provide for their families (Arnett, 2015). 
Arnett experientially and experimentally studied these “young adults” and compared 
them to similarly aged adults living as recently as the 1960s. In drawing comparisons, it became 
apparent that expectations for the transition into adulthood are now different compared to several 
decades ago (Arnett, 2014). In the 1960s,  21-year-olds were regularly married (or thinking about 
it), finished with their educational pursuits, and had secured a long-term and stable job. This is in 
stark contrast to those emerging adults of contemporary times that explore long-terms options for 
vocation and study well past their mid 20s (Arnett, 2014). Although the freedom to explore 
options can present emerging adults with hope and excitement, it just as easily can present them 
with doubt and anxiety. The presence of options contributes to uncertainty as to where a 
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particular life path may lead to.  Additionally, emerging adulthood is a period pervaded with 
intrinsic changes in one’s sense of agency (i.e., instrumentality) and separateness from the family 
of origin (Sneed et al., 2006). Both instrumentality and separateness are key components of 
developing one’s autonomy, which not only promotes mental health and well-being but allows 
for the initiation of increasingly greater and age-appropriate responsibilities such as the 
development of romantic relationships and financial independence (Sneed et al., 2006). In 
contrast, not developing one’s autonomy has been associated with decreased self-esteem 
(Hodgins, Brown, & Carver, 2007) and decreased motivation (Garcia & Pintrich, 1991).  
Emerging Adults, Education, and Stress 
One of the methods through which emerging adults can enact a sense of autonomy and 
independence is through attending college. Indeed, young adults in generation Z (which overlaps 
with the age range of emerging adulthood), are the most likely to be presently entering or 
attending college (Grace & Seemiller, 2016). Research has documented that the transition to 
college or university is a stressful time that can negatively affect mood and cognition, especially 
for students who leave home (Fisher & Hood, 1987; Thurber and Walton, 2012). Indeed, the 
literature suggests that college students are commonly faced with high levels of stress (Beiter et 
al., 2015) that may be perceived as unmanageable by as much as a third of the student-based 
population in some estimates (Boynton Health Service, 2015).   
In a recent survey, it was found that 57% of college students reported higher than average 
stress levels (American College Health Association, 2017). College students experience stressors 
such as having to meet grade requirements, taking tests, and managing time across multiple 
subjects (Kumaraswamy, 2013). In addition, students are particularly concerned with pressure to 
succeed as well as having to determine their post-graduation plans (Bieter et al., 2015). It is 
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problematic that levels of stress in college students continue to rise given that chronic or ongoing 
stress is linked to the development of medical problems such as cardiovascular, 
immunodeficiency, and inflammatory disease (Schneiderman, 2005; Marsland et al., 2017), as 
well as mental health problems such as anxiety and depression (Beiter et al., 2015). Furthermore, 
by some estimates, college students are more likely to report having unmanageable stress than 
they are to report having symptoms of depression and anxiety (Meredith & Frazier, 2019). 
Nevertheless, there is a well-documented relationship between stress, depression and anxiety. 
Major or stressful life events have been associated with the onset of depression (Kessler, 1997), 
especially in young adults (Lewinsohn, Allen, Seeley, & Gotlib, 1999). In fact, the estimated 
weighted prevalence in one metanalysis of major depressive disorder in university students was 
estimated at 35% (Ibrahim, Kelly, Adams, & Galzebrook, 2013), while elevated state anxiety 
scores in one prevalence study with college students was estimated at approximately 30% (Sakin, 
Errcan, Irgil, & Sigirli, 2010).  
Not only do people with anxiety disorders report worse quality of life than those without 
(Barrera & Norton, 2009) but depression has been associated with greater frequency of unhealthy 
behavior such as smoking, a sedentary lifestyle, abnormal sleep, unhealthy diets, and 
noncompliance with medical treatments (Doom & Haeffel, 2013). One systematic review 
demonstrated that college students who reported higher levels of stress also reported poorer 
quality of life and general well-being (Robeiro et al., 2017). In addition to mental health 
problems, stress has also been documented to affect academic performance in tertiary students, 
(Pascoe, Hetrick, & Parker, 2019). In fact, research supports that that stress can deleteriously 
affect academic performance, with students reporting poor test scores, failing or dropping from a 
course, and interference with the writing of their thesis or practicum work (American College 
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Health Association, 2017). Given that academic performance has been associated to intelligence 
and cognition (Dandagal & Yarriswami, 2017; Furnam, Chamorro-Premuzic, & McDougall, 
2003), and it will prove useful to elaborate on the relationship between stress and cognition. 
Stress and Cognition 
When an event is appraised or determined to be stressful, the hypothalamic-pituitary-
adrenal (HPA) axis in the brain is activated (Lupien et al., 2007). The subsequent hormonal 
cascade releasing cortisol in the blood system facilitates the fight-or-flight response that 
determines an individual’s adaptive response to a stressful event (Lupien et al., 2007). This 
hormonal cascade has important implications for the interplay between cognition, emotion, and 
the limbic system, given that HPA axis activity is well documented to be modulated by 
extrahypothalamic limbic structures such as the amygdala and hippocampus (Weidenfeld & 
Ovadia, 2017).  
While the limbic system is a complex interconnected system of different mesencephalic, 
diencephalic, and telencephalic components, different structures have been correlated with 
different brain functions. For instance,  the amygdala has been studied as important  in 
associative learning, the hippocampus in information consolidation (including short-term, long-
term, and spatial memory), the fornix with recall memory, the mammillary bodies with episodic 
memory, and the cingulate gyrus with emotion formation, learning, and memory (Torrico & 
Abdijadid, 2020). Additionally, the limbic system has connections to important frontal networks 
involved in executive functioning, most notably the prefrontal cortex (Arnsten, 2009).  
Prefrontal cortex function, which is involved in cognitive flexibility and working memory 
(both aspects of executive functioning), is negatively affected by the hormonal response to stress 
(Arnsten, 2009). Indeed, research on human subjects has corroborated animal studies that 
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demonstrate that even acute and mild stress can impair prefrontal function (Sapolsky, 2003). 
This is important, given that other specific regions of the prefrontal cortex (i.e., dorsal medial) 
have been implicated in other higher order functions such as error monitoring (Modirrousta & 
Fellows, 2008). In contrast, acute and mild stress can improve the memory consolidation 
functioning of the amygdala and hippocampus (Arnsten, 2009; Shields, 2020). This is explained 
through the hormonal cascade that occurs during the stress response alternating our cognitive 
processes from the slow and thoughtful pre-frontally mediated regulation to the more reflexive 
and rapid emotional responses subserved by the amygdala and related subcortical structures 
(Arnsten, 2009).  
 Sustained exposure to glucocorticoids can adversely affect the limbic system. In 
particular, there is a well-documented negative impact of prolonged stress on the hippocampus 
and, consequently, hippocampal-dependent memory processes such as declarative memory 
(Sapolsky, 2003). However, even mild and acute uncontrollable stress can cause deficits in pre-
frontally mediated cognitive abilities (i.e., working memory, decision making, set-shifting). In 
contrast, prolonged stress can cause structural change (Arnsten, 2009). Indeed, prefrontal 
networks can lose dendritic material through exposure to chronic stress, which can obstruct the 
connections between the prefrontal cortex and the hippocampus, which are necessary for flexible 
memory consolidation (Arnsten, 2009).  
Consequently, there are also insights gained from studying populations that have 
developed stress-related disorders. For instance, persons with PTSD demonstrate decreased 
speed in goal-directed activity, deficits in memory recall and the learning of emotionally neutral 
information, as well as  difficulties with recall of specific neutral and autobiographical events 
(Dosi et al., 2020). This is supported through structural and resting-state MRI studies in PTSD 
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populations finding grey matter and connectivity alterations in limbic and prefrontal structures 
such as the anterior cingulate cortex, prefrontal cortex, insula, hippocampus, and amygdala 
(Bromis et al., 2018). Additionally, a review of fMRI studies in PTSD populations have found 
that these populations primarily present with deficits in response inhibition and selective 
attention that have been linked to the inferior frontal gyrus, anterior cingulate cortex, and 
medial/lateral prefrontal cortex (Dosi et al., 2020).  
In sum, the literature supports that key limbic structures such as the hippocampus and 
amygdala, as well as their connections to more anterior frontal lobe networks (i.e., prefrontal 
cortex) are involved in learning, memory, and executive functioning and have been implicated in 
an individual’s ability to adapt to stressful events. Furthermore, chronic or long-term stress has 
been associated with cognitive impairments, as a consequence of structural changes to these 
important brain regions (Lupien et al., 2007). Several studies have described the association 
between higher cortisol levels and decreased brain volume (Geerlings et al., 2015; Lee et al., 
2007). Other studies have posited that these changes in brain volume also correlate with 
cognitive decline associated with cortisol levels (Cox et al., 2015; MacLullich et al., 2005). In a 
recent study, higher cortisol was associated with poorer memory and visual perception, as well as 
lower brain volume (Echouffo-Tcheugui et al., 2018). The acute and chronic effects of stress on 
the prefrontal lobe, which is associated with executive functions such as decision making, 
judgment, concentration, and social interaction, has also been well documented (Arnsten, 2009). 
Overall, the literature has provided evidence that stress is capable of impairing attention 
processes (Sänger et al., 2014), memory formation, retrieval, and consolidation processes 
(Goldfarb, Tompary, Davachi, & Phelps, 2019; Kim, Pellman & Kim, 2015), executive functions 
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such as working memory, cognitive flexibility, and response inhibition (Girotti et al., 2018), and 
visual perception (Echouffo-Tcheugui et al., 2018). 
All in all, the negative economic, academic, emotional, and cognitive consequences of 
stress build a strong case for why it should be treated and managed. 
Stress Reduction 
Surveys by the APA have documented that the general population employs a wide range 
of techniques and methods for managing or reducing their stress levels (APA, 2011; APA, 2013; 
APA, 2018). These include but are not limited to listening to music, exercising, walking, 
praying, meditation, yoga, surfing the Internet, watching TV, reading, socializing with friends 
and families, and eating (APA 2011; APA, 2011). As previously mentioned, acute and chronic 
stress is closely linked with the development of disorders such as anxiety, depression, and PTSD. 
This highlights the need for development of stress management strategies and interventions in an 
effort to improve preventative care (Amanvermez et al., 2020). One recent meta-analysis on 
stress management programs for college students classified programs on their theoretical 
orientation (i.e., cognitive behavioral, ‘TW’ third-wave interventions , mind-body, and skills 
training) and found that cognitive behavioral therapy (CBT) and TW interventions (e.g., 
meditation, breathing exercises, and muscle relaxation to name a few) are useful in reducing 
stress over and above skills training (Amanvermez et al., 2020) in studies with unselected 
populations. The effectiveness of these interventions was also demonstrated as greater in 
participants with elevated stress versus the unselected participants.    
It is important to note that while the breathing intervention later explained and discussed 
in this study can be complementary or adjunctive, it is not argued that it can replace other 
evidence based interventions such as CBT. Nonetheless, given that emerging adults are at greater 
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risk for higher levels of stress, it is pertinent to further discuss what barriers to access to stress 
reduction options exist and what resources are available to the emerging adult and college 
student population in managing their stress. Doing so will elucidate factors to consider in the 
development of stress management tools.  
Data has suggested that barriers such as limited time or stigma related to mental health 
services may cause hesitancy to seek assistance for depression and anxiety symptoms tied to 
elevated levels of stress  (Eisenberg, Golberstein, & Gollust, 2007). However, there are also 
other barriers to treatment including students’ preferences for dealing with stress alone, beliefs 
that stress is normal in college, and the perception that their needs are not serious (Downs and 
Eisenberg, 2012). In addition, although college students can typically avail themselves of on-
campus mental health counseling services, schools may have limited resources to meet demands 
(Watkins, Hunt, & Eisenberg, 2012). Thus, the literature supports the notion that there is a need 
for more accessible interventions to reduce stress, particularly in an emerging adult population 
which is likely to be in college or graduate education.  
A recent meta-analysis and review demonstrated evidence that cognitive, behavioral, and 
mindfulness-based approaches are effective in reducing the effects of stress in college students, 
as well as reducing associated depression, anxiety, and cortisol response (Regehr et al., 2013). 
Furthermore, this review calls attention for the need to develop interventions with the capacity to 
provide accessibility for a large number of students (Regehr et al., 2013). Indeed, as previously 
noted, schools may offer limited resources (Watkins, Hunt, & Eisenberg, 2012) and said 
resources may be further restricted by their individualistic modalities (i.e., one-on-one, face-to-
face, counseling). A potential solution to this may be the emergence of computer-based, web-
delivered, or mobile stress reduction programs.  
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Advances in technology have enabled researchers to develop interventions that can be 
delivered through a wide range of media formats, while introducing user-engagement design 
features meant to facilitate the efficacy of the intervention (Davies et al., 2014). With respect to a 
young adult, college student population, there are a number of advantages that computer-based 
technology holds. For instance, these interventions can be individually tailored to student needs, 
access to these interventions can be anonymous, and access to these interventions can be made 
more widespread for those who do not want to engage in face-to-face services (Ryan, Shochet, & 
Stallman, 2010). These are particularly advantageous benefits, given that some of the barriers 
that exist to access to interventions is stigma, time availability, and beliefs surrounding self-
reliance (Downs and Eisenberg, 2012; Eisenberg, et al., 2007). There is already strong evidence 
for the efficacy of internet-adapted cognitive behavioral therapy in treating mood disorders (Grist 
& Cavanagh, 2013). Further, students find the Internet to be a valuable source of information for 
health-related assistance (Escoffery et al., 2005). One meta-analysis and review demonstrated 
that web-based, computer-delivered interventions were efficacious in reducing stress when 
compared to inactive controls, (Davies et al., 2014). More recently, a randomized controlled trial 
(RCT) study comparing different methods of stress management found that while different 
interventions (i.e., present-control, present-control with enhanced stress logs, and present control 
with mindfulness training) helped to reduce stress, the intervention with the mindfulness 
component had a slightly larger effect size (Meredith & Frazier, 2019). Thus, in order to 
formulate novel interventions that address the barriers to access that exist in the young adult 
population, it may prove useful to further explicate whether contemplative practices (i.e., yoga, 
meditation, and mindfulness) and their overlapping constituent aspects (i.e., breathing) are stress 
reduction options that have merit in being disseminated in a mobile fashion.    
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Contemplative Practices and Cognition 
Yoga, meditation, and mindfulness see widespread practice by people all over the world 
(Connolly, 2014). Meditation and yoga practice have been extensively studied regarding their 
effects to reduce stress and improve mood (Brown & Gerbarg, 2005; Gobec & Travis, 2018 
Perciavalle et al., 2017); however, this review of the literature will focus on the potential effects 
of these contemplative practices to improve cognitive functions. Research suggests that the 
effects of mindfulness meditative practices (i.e., mindfulness meditation, mindfulness training, 
and mindfulness based stress reduction) on a range of executive functioning lead to specific, as 
opposed to general, improvements in executive functioning resulting from the interventions 
(Gallant, 2016). Specifically, one review evidenced consistent improvements in inhibitory 
control but only variable improvements with respect to set-shifting and working memory or 
updating (Gallant, 2016). Given that there is great variation in the meditation and yoga styles that 
different studies investigate, the question of whether different styles differentially affect 
cognitive functioning arises.  
When comparing focused attention meditation to open monitoring meditation, there are 
no differences in the efficiency of handling response conflict in a Simon task (e.g., selecting 
correct responses among competing response options) (Colzato, Sellaro, Samara, & Hommel, 
2015), which suggests that different meditation tasks can similarly affect executive function 
processes. Indeed, other research corroborates the benefits to executive functioning and 
attentional control components, particularly for attentional orienting ability, when comparing 
open-monitoring and focused attention meditators to control groups (Tsai & Chou, 2016). Thus, 
there is consistent evidence that executive functioning benefits are demonstrated across different 
meditation styles.  
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Another pertinent research question is whether or not individual differences, such as age, 
affect a person’s response to meditation. Mindfulness meditation has been studied in adolescents 
and found to have benefits for working memory capacity after a brief, six-hour intervention, over 
eight sessions in four weeks (Quach, Mano, & Alexander, 2016). Regarding academics, one RCT 
study involving hundreds of students demonstrated that students who practiced a yoga module 
consisting of postures, breathing, and meditation evidenced improved academic performance on 
tests of mathematics, science, and social studies when compared to students who did not 
participate in the yoga module (Kauts & Sharma, 2009). Additionally, recent meta-analytic work 
on the efficacy of mindfulness-based intervention on cognitive and mental health in children and 
adolescents demonstrated only small effect sizes for significant improvements in attention and 
executive functioning (Dunning et al., 2019). Further, when only RCTs with active controls were 
included in the analysis, there were no significant effects on cognitive functions, although 
benefits to mood were still evidenced (Dunning et al., 2019). Nevertheless, meditation has 
generally evidenced a number of benefits to attentional processes in younger adults (Sperduti, 
Makowski, & Piolino, 2016). However, younger populations are not the only ones to benefit. 
Long-term meditation has also demonstrated a protective effect on the decline of executively 
mediated, attentional control in an older adult population (Sperduti et al., 2016). In this study, 16 
participants practiced a combination of both Zen and Tibetan meditative traditions (no random 
allocation to group), which emphasized open-monitoring components (Sperduti et al., 2016) that 
involve non-reactive monitoring of the content of experience from moment to moment (Lutz, 
Slagter, Dunne, & Davidson, 2008).  
Reviewing the literature on the effects of meditation and yoga on cognitive functions also 
raises the question of the optimal length of time needed for the intervention to be effective. 
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Research has suggested that participants who practice meditation (at least three times per week) 
can improve attentional efficiency, potentially through improved sustained attention and impulse 
control when compared to non-meditators (one or less times per week) (Kozaka et al., 2012). 
Thus, the literature provides strong support for the cognitive benefits of long-term meditation 
practice.  
Although the effects of mindfulness training have been well documented for long-term 
practice, research has also provided evidence that brief mindfulness training (e.g., meditation 
over several days to weeks, but not years) can also enhance executive processes such as 
processing speed, working memory, and generative verbal fluency (Zeidan et al., 2010). These 
findings have been corroborated by other research showing improvements in response-latency to 
Stroop tasks, after random allocation to an 8-week mindfulness based breath awareness training 
group, compared to a brain training group (Malinowski et al., 2017). This supports and bolsters 
previous research that demonstrates improvements in basic attention and processing speed after a 
relaxation response meditative practice intervention over five weeks (Galvin et al., 2006). Apart 
from brief mindfulness meditation, other work demonstrates that focused attention and open 
monitoring meditation also have positive effects on attentional control in healthy young adult 
individuals when compared to a test-retest control after three, one hour group training sessions 
spanning eight days (Ainsworth, Eddershaw, Meron, Baldwin, & Garner, 2013).  
The literature also provides evidence that brief, non-laboratory based, mindfulness 
meditation (1-week, at home) may not improve working memory or mind wandering, but rather 
only reduce stress related cognitive impairments (Banks, Welhaf, & Srour, 2015). Additionally, 
research suggests that short-term, meditation effects on cognition are affected by participant 
expectations (Prätzlich, Kossowsky, Gaab, & Krummenacher, 2016). In one study, participants 
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were randomly allocated to a short-term meditation group (mindfulness of breathing 
intervention), expectation group, or passive control group, and were provided with either positive 
or negative suggestions regarding the intervention (Prätzlich et al., 2016). Results demonstrated 
that there were significant improvements on the Stroop and verbal fluency tasks in the positive 
suggestion group, regardless of whether or not it was an evidence-based meditation or a sham 
meditation group (Prätzlich et al., 2016). A more recent study also investigated the effects of 
brief (13 minute), daily, guided meditation in healthy adult (ages 18 to 45) subjects who were 
meditation naïve by randomizing participants to either a meditation experimental group or a 
daily, podcast listening control group (Basso et al., 2019). Importantly, the results of this study 
demonstrated that eight but not four weeks of the meditation practice enhanced attention, 
working memory, and recognition memory (Basso et al., 2019). The study provides support for 
the notion that brief daily meditation can improve cognitive functioning with a sufficient 
intervention period, as well as provisionally supports the idea that meditation interventions can 
primarily be administered remotely, since participants in this study did not have to attend weekly 
or hour-long sessions by instructors.  
The literature reviewed thus far has pertained to long-term and brief meditation and yoga 
interventions; however, it is also important to review the literature on single-session meditation 
interventions. Data demonstrates the variable efficacy of a single-session of focused breathing 
(FB) meditation to improve cognitive functioning (Eisenbeck, Luciano, & Valdivia-Sala, 2018). 
This study demonstrated that when compared to controls, FB meditation did not significantly 
improve sustained attention but did significantly improve memory task performance (Eisenbeck 
et al., 2018).  In contrast, other work suggests that treatment length may be of greater 
importance. Specifically, one 25-minute session of brief mindfulness meditation or a sham 
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meditation intervention did not evidence any significant improvements in working memory, 
processing speed, or set-shifting when compared to a control group after randomization 
(Johnson, Gur, & David, 2015). Additionally, the literature demonstrates that benefits to 
attentional control after single sessions of focused-attention meditation may be related to the 
time intervals between the intervention and the experimental task (Chan, Immink, & Lushington, 
2017). Thus, research suggests that the top-down control processes immediately following a 
focused-attention meditation session biases planning abilities for a response-based planning task, 
whereas the introduction of a temporal delay after the intervention allows for sequence learning 
benefits to manifest (Chan et al., 2017). In general, the literature lends less support for the 
efficacy of single-session meditation interventions to affect cognitive functioning.  
In conclusion, yoga and meditation has provisionally demonstrated efficacy for 
improving a number of cognitive functions, across a variety of treatment modalities, with 
varying intervention lengths, and in a number of different populations, ranging from healthy 
subjects to individuals with mood disorders (Gothe & McAuley, 2015). In fact, a recent meta-
analysis reviewed the yoga and meditation literature and determined that a variety of both acute 
and long-term interventions were efficacious in improving the cognitive functions of processing 
speed, executive functions, and memory, when compared to controls (Gothe & McAuley, 2015). 
However, several limitations existed in the reviewed studies, including small sample size, 
variable intervention lengths, variable use of cognitive intervention, and heterogeneous 
population characteristics (Gothe & McAuley, 2015). Similarly, a review of the mindfulness 
based meditation literature provided evidence for improvements in executive functions such as 
response inhibition, meta-awareness, working memory, as well as in sustained attention, 
selective attention, attention switching and verbal fluency when comparing meditators to non-
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meditators, regardless of the length of the meditation intervention (Chiesa, Calati, & Serretti, 
2011). Importantly, there was some evidence to support the hypothesis that longer intervention 
interval or practice was more beneficial than short-term or brief interventions (Chiesa et al., 
2011), which further supports the notion that single-session meditation interventions may not be 
efficacious in improving cognitive functioning.   
Contemplative Practices and Neuroimaging 
A number of studies reviewed have demonstrated that meditation and mindfulness based 
practices have a cognitive impact; however, less is known about the neuroanatomical 
underpinnings of the mechanisms of change in these interventions (Young et al., 2018). 
Nevertheless, there are a number of studies that attempt to address this lack of knowledge, 
including several reviews. For instance, functional neuroimaging (fMRI or PET) studies provide 
evidence that the insula, pre-and supplementary motor cortices, dorsal anterior cingulate cortex, 
and frontopolar cortex regions are consistently recruited across a number of meditation and 
mindfulness practices, including focused attention, mantra recitation, open monitoring, and 
compassion/loving-kindness meditation (Fox et al., 2016). However, one of the key noted 
limitations of this meta-analysis is that very few studies actually correlated brain activity 
differences during meditative states to actual behavior (Fox et al., 2016). This further reiterates 
one of the central difficulties of yoga, meditation, and mindfulness research—the interventions 
used are numerous, diverse, and thus create problems in deciding what behavioral measure or 
self-report questionnaire would be optimal for correlational analysis. In a separate review, short-
term (8 weeks) mindfulness based stress reduction (MBSR) and mindfulness based cognitive 
therapy were found to be correlated with increased activity, connectivity, and volume of 
prefrontal cortex, cingulate cortex, insular, and hippocampal regions in stressed, anxious and 
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healthy participants, (Gotink et al., 2016). These results corroborate the earlier literature 
demonstrating morphometric changes in similar areas using magnetic resonance imaging (MRI) 
or diffusion tensor imaging (DTI) (Fox et al., 2014). One more recent review improved upon 
some of the limitations of previous meta-analytic work by interpreting data pertaining to only 
manualized mindfulness-based interventions of similar treatment length (Young et al., 2018). 
Findings were consistent with prior work in that the longitudinal effect of meditation observed 
was in primarily increased insular cortex activity; however, there was no robust evidence of 
prefrontal cortex activity as in previous reviews (Young et al., 2018). These results should be 
taken with caution, given the review’s low sample size (n=7) (Young et al., 2018).  
The Role of the Breath in Contemplative Practices 
Although there is a strong empirical basis for the beneficial effects of different yoga and 
meditation practices, one of the most problematic confounds—in addition to the heterogeneity of 
interventions—is disentangling the role of breath regulation from these practices. Even within 
the larger yogic traditions, breath regulation is given particular importance because of its 
presumed effect to influence one’s mental state and thus overall functioning, (Telles & Singh, 
2013). In fact, meta-analyses have suggested that regardless of yoga tradition, breathing 
exercises (or pranayama) are consistently associated with cognitive improvements (Gothe & 
McAuley, 2015). Indeed, across the several reviewed meditation and yoga studies, breathing was 
always a component of the intervention. However, there is a paucity of literature on the effects of 
pure breathing control on cognitive functioning (Zaccaro et al., 2018). There are several reviews 
that attempt to report on pranayama practices and synthesize a common psychophysiological 
model (Singh et al., 2009); however, researchers have yet to reach a consensus on the 
psychophysiological mediators that link breathing to cognitive improvements.  The same holds 
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true for paced breathing techniques, which were historically developed in western culture 
independent of religious or spiritual belief systems, in contrast to the Eastern traditions (Zaccaro 
et al., 2018).  
The literature has provided evidence that breathing practices can improve cognitive 
functioning, such as sustained attention (Ma et al., 2017), executive functioning, working 
memory, and processing speed (Kumar et al., 2014), as well as higher-order visuospatial abilities 
(Jella & Shannahoff-Khalsa, 1993), despite being entangled within yoga and meditation 
practices. Additionally, when comparing groups of subjects on a motor memory task, 30 minutes 
after a deep breathing practice or rest intervention, it was found that the breathing group 
performed significantly better in retention of a motor memory task both immediately after the 
breathing session but also after 24 hours (Yadav & Mutha, 2016).  In addition to support for 
cognitive improvements following breathing interventions, there is ample data to support the 
claim that breathing techniques have the beneficial effect of reducing stress in a wide range of 
mood disorders (Brown & Gerbarg, 2005a, b). In healthy populations, breathing techniques have 
similar salutary effects of reducing stress in both self-report and objective, physiological 
measures (e.g., heart rate variability and salivary cortisol) (Perciavalle et al., 2017). Thus, the 
literature would benefit from elucidating the relationship between cognition and breathing. 
Heart Rate Variability 
The autonomic mechanism suggested here as a potential mediator of the effect of 
breathing on psychological and cognitive functioning is change in heart rate variability (HRV). 
HRV is a physiological state marker found to be related to health, mood, and adaptation to stress, 
and it is affected by breathing rate (Steffen, Austin, DeBarros, & Brown, 2017). In physiological 
terms, heart rate is the number of heart beats per minute, whereas HRV is the fluctuation or 
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oscillations in the time intervals between heart beats (Mirescu, Ciocoiu, David, & Tarba, 2017). 
It is important to note that “a healthy heart is not a metronome,” and the variability in heart beats 
is both a normal and adaptive mechanism that helps us react to environmental and psychological 
challenges (Shaffer & Ginsberg, 2017).  
There are a number of ways to record heart rate variability, including electrocardiography 
(EKG) and photoplethysmography (PPG) (Mirescu et al., 2017). PPG techniques are simple 
optical techniques for measuring changes in blood circulation and are susceptible to artefacts 
from movement (Mirescu et al., 2017).  EKG techniques, in contrast, are cumbersome and 
complicated but more reliable (Mirescu et al., 2017).  The literature on the different HRV metrics 
collected from such methods is vast; however, for the purposes of this review, only the metrics 
that were collected in the study will be briefly reviewed.  
There are both time-domain and frequency-domain indices of HRV (Mirescu et al., 
2017). Whereas time-domain indices quantify the variability of measurements of interbeat 
intervals (IBI), frequency-domain measures employ spectral methods to estimate the distribution 
of relative or absolute power into four frequency bands—namely the ultra-low frequency, very 
low frequency, low frequency (LF), and high frequency (HF) bands (Mirescu et al., 2017; 
Shaffer & Ginsberg, 2017). With respect to time-domain measures, there is the standard 
deviation of the IBI of normal sinus beats (SDNN) and the root mean square of successive 
differences between normal heartbeats (RMSDD) (Shaffer & Grinsberg, 2017). The SDNN 
metric is measured in milliseconds and research supports that short-term recordings (e.g., 60 
seconds) are possible (Salahuddin, Cho, Jeong, & Kim, 2007), with the primary source of 
variability in said short-term recordings being parasympathetically-mediated respiratory sinus 
arrhythmia (RSA) in paced breathing protocols (Shaffer, McCraty, & Zerr, 2014). The most 
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widely used metric in HRV research is the RMSSD (Shaffer & Grinsberg, 2017) and it too has 
been validated in short-term recordings of a minute (Esco & Flatt, 2014). As to frequency 
domain measures, the LF band has typically been though to reflect baroreceptor activity during 
rest conditions (McCraty & Shaffer, 2015); however, research has also demonstrated that it is 
produced by parasympathetic nervous system and sympathetic nervous system activity, as well 
as blood pressure regulation (Shaffer & Grinsberg, 2017). In particular, the LF band has been 
shown to be affected by respiration rates below 8.5 breaths per minutes (Shaffer & Grinsberg, 
2017). The HF band is typically thought to reflect parasympathetic activity and has been 
measured over one minute intervals (Shaffer & Grinsberg, 2017).  
HRV, Breathing, and Cognition 
Returning to the question of determining the relationship between cognitive 
improvements in meditation practices and the role of breathing in said practices, the literature 
supports an association between HRV outcomes and slow, paced breathing (Edmonds et al., 
2009; Lin et al., 2014; Van Diest et al., 2014), which is present as a component in the majority of 
the aforementioned reviewed meditation studies. For example, breathings rates of six breaths per 
minute have been shown to produce greater SDNN and LF power, but not increases to HF power 
(Edmonds et al., 2009). Other works provide support for not only six breaths per minute but also 
5.5 breaths per minute in producing higher SDNN, LF power, and LF/HF ratio, but not HF 
power, when compared to a spontaneous breathing control (Lin et al., 2014). Further support for 
the six breaths per minute rate was garnered by work using different inhalation/exhalation ratios 
that also observed higher LF power and lower HF power when compared to breathing at 12 
breaths per minute (Van Diest et al., 2014). Thus, the literature consistently supports the result 
that slow breathing rates (e.g., five to six breaths per minute) increase SDNN and LF power.  
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Concerning the relationship between HRV and cognition, neuroanatomical pathways 
have been proposed that can explain the effectiveness of HRV training to affect cognitive (as 
well as emotional) functioning. For instance, baseline HRV was found to be related to structural 
covariance of amygdala to dorsal medial pre-frontal cortex (dmPFC)/ dorsal anterior cingulate 
cortex (dACC) and adjacent pre-supplementary motor area (SMA)/supplementary motor area 
(SMA) (Wei, Chen, & Wu, 2018). This finding relates to the neurovisceral integration model that 
proposes that individual differences in vagally mediated HRV (vmHRV) may relate to 
differences in PFC activity, as the heart and brain are connected via the vagus nerve (Colzato, 
Jongkees, de Wit, van der Molen, & Steenbergen, 2018). Research has investigated the 
relationship between vagally mediated resting-state HRV and performance on measures of 
cognitive flexibility (Alba, Vila, Rey, Montoya, & Muñoz, 2019). Data supports that participants 
with higher-resting state HRV (indexed by both time domain and frequency domain measures) 
evidenced greater cognitive flexibility than participants with lower resting-state HRV (Alba et 
al., 2019). This provides support for the neurovisceral integration model. Other studies evidence 
a consistent link between HRV and training induced improvements in attention, processing 
speed, and working memory (Lin, Heffner, Ren & Tadin, 2017). Research demonstrates that 
HRV biofeedback (e.g., having a participant visualize their heart rate as they complete the paced 
breathing intervention) has positive effects on cognition after brief, 10 minute interventions, such 
that participants evidence greater processing speed and make fewer errors during a Stroop task 
(Prinsloo et al., 2010). Higher HRV measures has also been associated with better performance 
on tasks involving executive functioning, such as sustained attention and working memory 
(Hansen, Johnsen, & Thayer, 2003). Typically, HRV studies have implemented breathing at a 
frequency of around six breaths per minute (resonant frequency) (Steffen et al., 2017). However, 
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studies have also demonstrated that HRV training at personalized resonance frequencies can be 
more efficacious in improving cognitive performance after an acute stressor (Steffen et al., 
2017), as compared to training that is not individualized.  All in all, research demonstrates a 
relationship between HRV, breathing, and cognitive functioning.  
The Vagus Nerve 
In furthering one’s understanding of the relationship between HRV, breathing, and 
cognitive functioning, it is pertinent to further investigate the function of the vagus nerve. There 
is a bidirectional relationship between breathing, emotions, behavior, and cognitive functions 
thought to be mediated by the autonomic nervous system (ANS) (Ma et al., 2017; Zelano et al., 
2016). The vagus nerve is the tenth cranial nerve and extends from its origin in the brainstem 
through the neck and the thorax down to the abdomen (Blumenfeld, 2021). It carries an extensive 
range of afferent fibers (i.e., signals) from the digestive system and organs to the brain and vice 
versa. Vagal tone is correlated with one’s capacity to regulate the stress response and is 
influenced by breathing (Breit, Kupferberg, Rogler & Hasler, 2018). Studies have shown that 
deep or diaphragmatic breathing interventions are associated with improved affect and decreased 
stress levels (Ma et al., 2017; Perciavalle et al., 2017). The vagus nerve is one of the primary 
modulators of the autonomic nervous system (ANS), which is responsible for the regulation of 
vital bodily functions such as heart rate, digestion, coughing, sneezing, swallowing, and 
vomiting (Breit, Kupferberg, Rogler & Hasler, 2018; Blumenfeld, 2021).  
Limitations of Research in Contemplative Practices  
As this review into the literature has demonstrated, stress is related to potential cognitive 
impairment and different meditation practices are associated with improvements in cognitive 
functioning. However, there are several limitations of extant meditation and yoga studies. These 
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range from heterogeneous samples, heterogeneous interventions (e.g., variable meditation styles, 
variable intervention lengths, breathing protocols, etc.,) to poorly controlled cross-sectional 
studies. Additionally, several studies have cumbersome protocols that direct participants to 
complete hour-long sessions in a laboratory over several weeks. Most studies also use high-end 
equipment to establish resonance frequency and provide biofeedback, including EKG, EEG, 
respiration belts, or multiplatform specialized biofeedback technology (e.g., Nexus by 
MindMedia), which may create a barrier to access (Steffen, Austin, DeBarros, & Brown, 2017). 
Finally, although highly heterogeneous, studies have typically implemented protocols that have 
participants train and practice deep breathing/meditation for as little as 15-20 minutes to as long 
as an hour or more for multiple sessions (Auty, Cope & Liebling, 2017). This may be 
particularly problematic when participants are inexperienced/novices and the high effort required 
may create a motivational barrier to continue.  
Executive Functions  
Prior to delving into the specific research questions to be addressed in this study, it will 
be pertinent to provide an overview of executive functioning and why it is apt to include these 
cognitive constructs in evaluating the efficacy of a breathing paradigm to improve cognition. 
Executive functioning is a set of poorly defined processes within the field of neuropsychology 
(Rabbit, 2004) and has been used to describe a wide range of higher-order cognitive abilities 
(Miller & Wallis, 2009) including working memory, planning, organization, inhibition, problem-
solving, and self-monitoring (Arzubi & Mambrino, 2010; Schoenberg & Scott, 2011) that are 
largely neuroanatomically correlated with prefrontal cortex activity (Miller & Wallis, 2009). 
Broadly, executive functions are considered control mechanisms that modulate the operations of 
other cognitive processes, which allows for the regulation of cognition and action (Miyake et al., 
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2000). Working memory refers to a person’s ability to hold information in conscious awareness 
and manipulate it or perform an operation to produce a result (Wechsler, 2008). Planning and 
organization are functions describing the ability to plan ahead and be efficient in how we 
integrate incoming information (Rabbit, 2004). Inhibition is the capacity to regulate and control 
the urge to respond in a certain manner or to perform a specific action (Arzubi & Mambrino, 
2010). Self-monitoring generally relates to how people observe and regulate their own behavior 
(Arzubi & Mambrino, 2010; Schoenberg & Scott, 2011).  
In addition to these ‘higher-order’ functions, executive functioning is also subserved by 
processes such as basic attention and processing speed (Fink et al., 2014; Rabbit, 2004). Basic 
attention can be described as tapping into rote auditory short-term memory capacity and 
efficiency or the phonological loop (Dungan & Vogel, 2015; Fink et al., 2014). Alternatively, 
attention is also described as the ability to focus on relevant information while ignoring 
distractors (Dungan & Vogel, 2015). Processing speed is a measure of how quickly a person can 
respond to incoming, new information in one’s environment (Arzubi & Mambrrino, 2010). It has 
also been described as the ability to “identify, discriminate, integrate, [and] make a decision or 
[respond to] verbal and visual information,” (Weiss, Saklofske, Holdnack, & Prifitera, 2016). In 
relation to executive functioning and higher-order cognitive processes, processing speed has 
been conceptualized in the literature as a subservient and “lower-level” and “fundamental” 
cognitive resource, (Kail & Salthouse, 1994). Similarly, basic attention, defined as attentional 
efficiency and capacity is also considered a foundational and “automatic” cognitive process 
(Rabbit, 2004).  
As previously mentioned, executive functioning has historically been considered as 
largely dependent on the prefrontal cortex (Suchy, 2009; Stucky, Kirkwood & Donders, 2020). 
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For instance, lesion based studies have corroborated the association between frontal regions 
(including prefrontal cortex) and executive functions (Robinson, Calamia, Gläscher, Bruss & 
Tranel, 2013). Rapid verbal fluency has been associated with right dorsolateral prefrontal cortex, 
right superior temporal, right middle temporal, and left insula regions (Robinson et al., 2013). 
Working memory has been associated with bilateral dorsolateral prefrontal cortex (dlPFC), left 
mesial frontal cortex, left anterior temporal lobe, and right angular gyrus regions (Robinson et 
al., 2013). A composite of performance on tasks of sustained attention, set shifting, and 
inhibition has been associated with superior frontal, right anterior cingulate, and right dlPFC 
(Robinson et al., 2013). Importantly, more recent literature has demonstrated that executive 
functions cannot be easily localized, with importance also given to parietal, thalamic, cerebellum 
and basal ganglia inputs (Stucky, Kirkwood & Donders, 2020).  
Regarding the present study and the hypothesized neuropsychological constructs to 
evidence improvement after breathing training, prior HRV research has demonstrated the 
importance of dmPFC and dACC, as well as pre-SMA in baseline metrics of HRV (Wei, Chen, 
& Wu, 2018). Indeed, the neurovisceral integration model positing that individual differences in 
vagally mediated HRV is related to differential activity in PFC (Colzato, Jongkees, de Wit, van 
der Molen, & Steenbergen, 2018) positions executive functions and its subservient components 
(i.e., basic attention and processing speed) as important constructs of interest. Additionally, as 
previously mentioned, studies have provided support for the link between improvements in HRV 
and measures of executive functioning such as cognitive flexibility and working memory 
(Hansen, Johnsen, & Thayer, 2003), as well as attention and processing speed (Lin, Heffner, Ren 
& Tadin, 2017).  
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At the time of study design and inception, there was greater evidence that breathing 
training would impact the cognitive domains of attention, information processing speed, and 
executive functioning (Alba et al ., 2019; Hansen, Johnsen, & Thayer, 2003; Lin, Heffner, Ren & 
Tadin, 2017; Prinsloo et al., 2010; Steffen et al., 2017), as compared to the evidence available for 
improvements in learning and memory retention processes. Thus, learning and recall 
neuropsychological variables will be included only in an exploratory fashion. All in all, the 
selection of cognitive constructs to be examined in this study was made through careful review 
of the literature.  
The Current Study 
The current study proposes to address a number of limitations including appropriate 
control conditions and randomization. The literature is also lacking in studies with healthy 
populations (e.g., Ma et al, 2017) as compared to clinical populations (e.g., Streeter et al., 2017). 
Moreover, if the intention is to provide an accessible intervention, present practices are too 
costly, time-consuming, and effortful, creating a high barrier for motivation. Additionally, no 
studies have attempted to disentangle the contribution of breathing from mindfulness-based 
meditative practices. While most studies have administered the HRV/breathing training and 
subsequent sessions in a research laboratory, it is plausible that a home-based practice using a 
mobile application to guide the breathing/mindfulness exercise would be more accessible and 
easier to implement. In fact, there is literature to support the use of mobile smartphone apps to 
manage stress (Coulon, Monroe, & West, 2016) and medical conditions such as hypertension 
(Adams et al., 2018), especially if such interventions have a visualization component (Chittaro & 
Sioni, 2014). An experimental design that allows for the evaluation of the feasibility and efficacy 
of mobile-based resonant frequency breathing training (mRFBT) would demonstrate whether 
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inclusion in the mRFBT group (from here on labeled the “breathing group”) leads to greater 
psychological and cognitive improvement, as compared to a wait-list control group.  
Specific Aims and Hypotheses  
This single-blind, randomized, controlled study aims to investigate the feasibility of using 
a mobile application to train in resonance frequency breathing and its efficacy in reducing stress 
and improving cognitive functioning in a non-clinical sample of young adults with elevated 
stress. The present study has the following aims: 
Aim 1. To determine the feasibility of using a mobile breathing application to train oneself to 
breathe at resonant frequency.  
 Hypothesis 1A. It is expected that participants will find the mobile breathing application 
easy to use, as determined by subjective ratings on the weekly user engagement questionnaire. 
Hypothesis 1B. It is expected that participants will be able to correctly breath at their 
assigned breathing frequency using the app, as determined by subjective ratings on the weekly 
user engagement questionnaire.  
Aim 2. Determine the short-term (4 weeks) effects of phone-based individualized resonant 
frequency breathing on cognitive functioning.  
Hypothesis 2A: There will be greater improvement on measures of basic attention, as 
measured by WAIS-IV Digit Span Forward in participants randomized to the breathing group as 
compared to the waitlist control group.  
Hypothesis 2B: There will be greater improvement on measures of processing speed, as 
measured by BTACT 30-SACT and OTMT A in participants randomized to the breathing group 
as compared to the waitlist control group.  
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Hypothesis 2C: There will be greater improvement on measures of working memory, as 
measured by WAIS-IV Digit Span Backwards and WAIS-IV Digit Span Sequencing in 
participants randomized to the breathing group as compared to the waitlist control group.  
Hypothesis 2D: There will be greater improvement on measures of verbal fluency and 
category fluency, as measured by DKEFS Letter Fluency and DKEFS Category Fluency  in 
participants randomized to the breathing group as compared to the waitlist control group.  
Hypothesis 2E: There will be greater improvement on measures of set-shifting and 
cognitive flexibility, as measured by performance on OTMT B, DKEFS Category Switching 
Total Correct, and DKEFS Category Switching Accuracy in participants randomized to the 
breathing group as compared to the waitlist control group.  
Hypothesis 2F (Exploratory): There will be greater improvement on measures of verbal 
learning and recall, as measured by CVLT-II Learning Total, Short-Delay Free Recall, Short-
Delay Cued Recall, Long-Delay Free Recall, and Long-Delay Cued Recall in participants 
randomized to the breathing group as compared to the waitlist control.  
Aim 3. Determine the short-term (4 weeks) effects of phone-based individualized resonant 
frequency breathing on stress.  
Hypothesis 3A: There will be greater reductions in stress, as measured by the Perceived 
Stress Scale in participants randomized to the mRFB group as compared to the waitlist control.  
Aim 4. Determine whether the relationship between breathing training and improvement in 
cognitive functioning is mediated by the indirect effect of breathing training through its 
relationship with reductions in stress levels. 
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Hypothesis 4A: Breathing training will indirectly effect improvement in basic attention, 
processing speed, working memory, set-shifting, verbal fluency, category fluency, and cognitive 
flexibility, through its effect on stress reduction.  
Hypothesis 4B (Exploratory): Breathing training will indirectly effect improvement in 
verbal learning and recall, through its effect on stress reduction.  
Methods 
Participant Recruitment 
We recruited eighty non-clinical, young adults (age 18-29) with elevated stress to 
participate in a 4-week resonant frequency breathing training program employed via smart-
phone, investigating the effects of breathing training on cognition and mood. Participants were 
recruited via flyers posted and mailed in the NY/NJ metro area to schools, community centers, 
physicians’ offices, and gyms in the surrounding neighborhoods. Additionally, participants were 
recruited from the QC Research Subject Pool, the Counseling, Health, & Wellness Centers, and 
via media services (e.g., listservs at QC, Facebook, Twitter, etc.).  
Inclusion Criteria 
  Participants were required to be at least 18 years old and less than 30 years old, own a 
smartphone or tablet, and have English proficiency. An initial screening procedure determined 
preliminary eligibility defined as elevated stress, which was measured with the Perceived Stress 
Scale (PSS—cutoff score of more than 13).  
Exclusion Criteria 
Participants were excluded if they reported any neurological or psychiatric condition, a 
severe or unstable medical illness, endorsed active suicidal ideation or plan, reported drug or 
alcohol abuse within the past year, reported being on medication with a known negative impact 
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on cognition or autonomic nervous system (ANS) arousal, or if they reported practicing any form 
of meditation, yoga, or breathing exercise regularly (i.e., at least 3 times per week). If 
participants reported suicidal ideation during the screening procedures, they were told they were 
ineligible for the study and provided with appropriate referrals for follow-up. 
Enrollment 
  We screened 171 individuals between April 2020 and September 2020. Of those 171 
screened individuals, 80 were enrolled, 38 were found ineligible and 60 were not interested in 
enrolling in the study or lost to contact after initial screening.  
Participant compensation 
Participants were compensated $25 total for the participation in the full protocol of the 
study. They were given the option of receiving either a $25 gift card or $25 transfer to a PayPal 
account. The compensation was granted after completion of the post-treatment evaluation.  
Study Design 
A flow diagram of the study design is provided in Figure 1. Eighty eligible participants 
were block-randomized to either an individualized mobile resonant frequency breathing (mRFB) 
group or a waitlist control condition. Participants in the mRFB condition were taught to practice 
resonant frequency breathing with a mobile breathing application for smart phones “The 
Breathing App” (http://ayny.org/breathing-app/). This app allows participants to choose their 
resonant frequency (as determined by a ratio of inhale/exhale in seconds). This breathing 
application also has a visualization component of a sphere that expands and contracts based on 
the selected inhalation/expiration ratio. The ratios available are 2:3, 4:4, 4:6, 5:5, 6:6, and 5:7. 
According to the prior literature, only 4:6, 5:5, 6:6, and 5:7 ratios are associated with breathing at 
resonance frequency. During baseline testing, participants randomized to the mRFB group had 
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their individual resonant frequency determined based on an adaption of the “Protocol for Heart 
Rate Variability Biofeedback Training” (Lehrer et al., 2013) and instructions provided through 
the “Breathing App.”  Accordingly, during the baseline testing session over the phone, 
participants at rest were asked to take a deep inhalation and exhalation while being seated, 
comfortable, and instructed not to strain the breath. Once participants find the deep breath with 
which they are most comfortable, the time in seconds spent for inhalation and exhalation will be 
determined as their resonant frequency ratio. This ratio will then be entered into their mobile 
application. Importantly, there are other features of the “Breathing App,” including a landscape 
mode that provides calming background imagery and the option to play calming sounds while 
breathing. Participants in the mRFB group were instructed to disregard and not use these extra 
features. The mRFB group was instructed to train twice a day, for five days a week, with their 
mobile platform to complete a total of 40, 10 minute sessions, over four weeks, while 
participants in the waitlist control did not receive any mobile platform training. Weekly 
questionnaires were sent to participants in the mRFB group to monitor treatment compliance. In 
these weekly questionnaires, participants were asked how easy it was to complete their breathing 
sessions, how distracted they felt while completing their breathing sessions, how well they 
believed they were breathing at the correct frequency, how stressed they felt after their breathing 
session, and how stressed they felt in the past week on a 5-point Likert scale. To maintain 
equivalence in engagement across groups, the control group also received weekly questionnaires 
that asked about mobile phone usage and how stressed they felt in the past week on a 5-point 
Likert scale.  
Baseline and Post-Treatment Testing 
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A cognitive battery was completed, entirely by phone and via web browser, at baseline and at 
four weeks of treatment. A single-blind procedure was implemented whereby the administrator 
of the battery at baseline would not administer the battery at post-treatment. All participants were 
administered the post-treatment battery within five days of study completion. The test battery 
included measures of mood, neurocognitive functioning, and everyday functioning. Stress was 
assessed with the Perceived Stress Scale (PSS). Cognitive testing assessed verbal memory 
(CVLT-II), and the following aspects of executive functioning: letter fluency (DKEFS Letter 
Fluency), category fluency (DKEFS Category Fluency), set-shifting and cognitive flexibility 
(DKEFS Category Switching, Oral Trail-Making Test B), processing speed (30-SACT from the 
Brief Test of Adult Cognition by Telephone, Oral Trail Making Test A), and working memory 
(WAIS-IV Digit Span, WAIS-IV Sequencing). For the cognitive measures, alternate forms for 
the DKEFS Verbal Fluency and CVLT-II measures were administered at the post-treatment time 
point to counteract practice effects. The order of task administration for neuropsychological 
measures was carefully determined so that verbal memory measures would not be impacted by 
other verbally mediated subtasks during delay trials. This study was approved by the Institutional 
Review Board of Queens College, CUNY (#2018-1425). 
Measures 
The following measures were selected to measure perceived stress, verbal memory, and 
different aspects of executive functioning (i.e., attention, processing speed, verbal generative 
fluency, working memory, set-shifting, and cognitive flexibility) due to their sound psychometric 
properties (i.e., good test-retest reliability, internal consistency), validation in young adults, and 
their availability to the Brain Performance Lab and study coordinators. A detailed explanation of 
each of the scales and cognitive measures employed in the battery follows below.   
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Perceived Stress Scale (PSS) 
The PSS is a popular self-report questionnaire that measures psychological stress (Cohen, 
Kamarch, & Mermelstein, 1983). It was developed to measure the degree to which individuals 
think of events in their lives as stressful (Cohen, Kamarch, & Mermelstein, 1983). There are 
several versions of the PSS, including 14-item, 10-item, and 4-item versions. In general, the 
different versions include items that attempt to evaluate the degree to which an individual 
perceived their life as stressful over the past month (Cohen, Kamarch, & Mermelstein, 1983). 
The PSS has been translated to 26 languages, including English (Lee, 2012). The PSS-10’s test-
retest reliability (>0.70) is adequate, as is its criterion validity (>0.70), and internal consistency 
(>0.70) (Lee, 2012). The PSS-10 has superior psychometric properties to the PSS-14 and has 
been validated primarily in college students or workers (Lee, 2012).   
Neuropsychological Test Battery  
California Verbal Learning Test-II (CVLT-II). The CVLT-II (ages 16 to 89) is a list-
learning test that measures episodic verbal learning across five trials, an interference trial, 
spontaneous and cued recall trials following interference, spontaneous and cued recall after a 25-
minute delay, and a recognition trial measuring consolidation. The CVLT-II comes in a standard 
and an alternate form. It has been validated in a population with multiple sclerosis (Benedict, 
2005), as well as in a healthy sample (Woods et al., 2006). It was found to have good test-retest 
reliability, in the (0.80) to (0.84) range, for total recall and recognition discriminability, 
respectively (Woods et al., 2006). In contrast, test-retest reliability was generally lower for the 
alternate version falling between (0.61) to (0.73) for short delay cued recall and total recall, 
respectively (Woods et al., 2006). The internal consistency has been reported as ranging from 
0.78 to 0.94 across all ages (Delis et al., 2000).  
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Delis-Kaplan Executive Function System (D-KEFS). The DKEFS is a collection of 
nine executive tasks used to measure different aspects of executive functioning in individuals 
ages (8-89). These tasks were designed to measure visual search speed, processing speed, 
response inhibition, category switching, set-shifting, and motor speed, among other executive 
functions (Strauss et al., 2006). The study has been validated for use across a variety of different 
neuropsychiatric and neurological syndromes (Delis, Kramer, Kaplan, & Holdnack, 2004). 
Several but not all subtests were selected for this protocol.   
 Verbal Fluency. The verbal fluency subtest consists of the FAS task and the category 
switching task (Strauss et al., 2006). In the FAS task, participants are asked to name as many 
words as they can that begin with the target letter, whereas in the category switching task, the 
participant is asked to switch in naming between separate categories (e.g., furniture and fruit) 
(Strauss et al., 2006). These tasks were designed to measure verbal generative fluency and set-
shifting, respectively (Strauss et al., 2006). Test-retest reliability has been reported as (0.8) for 
FAS and as (0.79) for category switching (Shunk et al., 2006). Internal consistencies have been 
reported in the range of (0.32 to 0.90) (Shunk et al., 2006).   
Wechsler Adult Intelligence Scale-Fourth Edition. The WAIS-IV (ages 16 to 90) is a 
collection of cognitive tasks meant to tap into four domains of intellectual functioning—namely, 
verbal comprehension, perceptual reasoning, working memory, and processing speed 
(Lichtenberger & Kaufman, 2009). Several but not all subtests were selected for this protocol as 
follows:   
 Digit Span. This subtest was designed to tap into attention span and working memory. 
Participants are first tasked with repeating strings of single digits, then repeating separate strings 
of digits backwards, and then stating strings of digits in numerical sequence (Lichtenberger & 
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Kaufman, 2009). Split half reliability was reported as (0.93) and test-retest reliability was 
reported as (0.83) (Lichtenberger & Kaufman, 2009).   
Brief Test of Adult Cognition by Telephone (BTACT). The BTACT is a test that was 
designed to address the needs of reliable and valid evaluation of cognitive functioning, by 
telephone, for individuals in the community who may not be available or have access to in-
person or on-site testing (Lachman et al., 2014). The measures included in the BTACT battery 
were designed taking into account community-based samples that varied on key demographic 
variables (i.e., age, education) and baseline cognitive functioning (Lachman et al., 2014). Certain 
subtests from the BTACT  (i.e., word list memory, backward digit span, category fluency) are 
similar or taken from other neurocognitive batteries already available to researchers and 
clinicians. Subtests were selected based on prior validation work and prior research 
demonstrating successful administration over telephone. In addition, the 30 Seconds and 
Counting Task (30-SACT) was developed as a measure of information processing speed and will 
be discussed further (Lachman et al., 2014).   
 30 Seconds and Counting Task (30-SACT). This subtest from the BTACT was 
developed as a measure of processing speed. Participants are asked to count backwards from 100 
as quickly as possible and are given a 30 second time limit. Errors due to skipping or repeating a 
number are added and then subtracted from the total score. Prior research has determined 
excellent test-retest reliability for the 30-SACT determined as between 0.85 to 0.94 (Lachman et 
al., 2014). While a direct report of internal consistency specifically for this measure was not 
available in the literature, the internal consistency for the composite of the BTACT has been 
reported as 0.82 (Tun & Lachman, 2006).   
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Oral Trail Making Test (OTMT). The Oral Trail Making Test (OTMT) was developed as a 
neuropsychological analog measure for estimating performance on the paper and pencil Trail 
Making Test (TMT), which has been extensively investigated and used in research to assess for 
processing speed (Part A) and set-shifting ability (Part B) (Axelrod & Lamberty, 2006). It was 
also developed, in part, to address the barrier patients with motor deficits faced on the written 
TMT (Chiaravalloti & DeLuca, 2002). In part A, subjects are asked to count as rapidly as they 
can from 1 to 25. In part B, subjects are asked to alternate as rapidly as possible between 
numbers and letters (e.g., 1-A, 2-B) (Ricker & Axelrod, 1994). There has been limited research 
conducted to determine the sensitivity of the OTMT in detecting cognitive change in comparison 
to healthy controls (Barncord, 2002) and relative to other tasks within patient populations (i.e., 
Multiple Sclerosis patients versus controls; Chiaravalloti & DeLuca, 2002). In fact, in healthy 
adult samples, the correlation between the OTMT A and TMT A has been variable, ranging from 
unrelated (r= -0.10) to strongly related (r = 0.62; r=0.68) (Mrazik, Millis, & Drane, 2010; 
Oliveira-Souza et al., 2000; Ricker & Axelrod, 1994). The TMT B has been more strongly 
correlated to its written counterpart at r = 0.59 to r = 0.72 in non-patient populations (Mrazik et 
al., 2001). Furthermore, research on the OTMT A did not find a correlation between performance 
and demographic variables such as age, sex, and education, while the OTMT B was found to be 
correlated with age (Mrazik, Millis & Drane, 2010). Prior research has evaluated the test-retest 
validity of the Oral Trail Making Test at moderate (r = 0.62) strength and comparable to the test-
retest reliability range for the written TMT (Graham et al., 2010). There is no research evaluating 
the test-retest validity of the Oral Trail Making Test Part A, (Jaywant et al., 2018).  
Weekly User Engagement Questionnaire 
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This weekly questionnaire was e-mailed to participants in both the breathing and control 
conditions. Participants in the control condition were asked to report their daily usage of their 
phone over the last week. The control condition was also asked to report how stressed they felt, 
with “1” being the least stressed and “5” being the most stressed they could be.  Participants in 
the breathing group were asked to report their daily number of breathing sessions and the length 
of their breathing sessions. Additionally, the breathing group participants were asked the 
following questions on a 5-point Likert scale: 1. In the past week, how easy was it to complete 
the breathing sessions overall?” (Breathing Facility), 2. In the past week, how distracted do you 
think you were overall while completing the breathing sessions, with “1” being the least 
distracted and “5” being the most distracted? (Distractibility While Breathing), 3. In the past 
week, I was correctly breathing at my assigned breathing frequency (Correct Frequency), 4. In 
the past week, you felt less stressed after you completed your breathing sessions (Stress Decline 
After Breathing), 5. In the past week, how stressed would you say you felt, with “1” being the 
least stressed and “5” being the most stressed you could be? (Weekly Stress).  
Baseline/Post-treatment Demographic Questionnaire 
A baseline demographic questionnaire assessed for age, sex, race, ethnicity, 
multilingualism, English proficiency, education level, history and present frequency of 
mindfulness, yoga, or breathing meditation, psychiatric conditions, medical conditions, 
psychotropic medication prescription, other medical prescriptions, alcohol use, and substance 
use. Individual and family household incomes were only reported at post-treatment evaluations.  
Statistical Analysis 
Power Analysis   
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Power analysis was conducted using G*Power (Faul, Erdfelder, Lang, & Buchner, 2007). 
Power analysis included considerations for attrition based on prior research by the Brain 
Performance Lab and conducted to take into account 2 levels of the independent variable (control 
versus breathing group). Estimation of sample size was based on a repeated measures design 
with both between subject and within subject factors. The effect size for the main outcome 
measures and in this healthy young adult population with elevated stress is expected to be small 
to medium, based on prior studies (Ma et al., 2017; Motter et al., 2019). Based on this power 
analysis, a sample size of 30 participants per group was adequate to detect a small to medium 
effect size with 0.80 power at .05 significance level for the primary outcome measures. With an 
expected attrition rate of 24% based on a previous study conducted in our lab (Motter et al., 
2019), a total of 80 participants were recruited to obtain a total sample of at least 60 participants. 
Description of Analysis 
All analyses were performed using the IBM Statistical Package for the Social Sciences 
(SPSS) version 27. Means and standard deviations were computed to describe continuous 
variables, while frequencies and percentages were used for categorical variables. All statistical 
tests were two-tailed and performed at = 0.05 for interpretation. The chi-square test for 
independence (Fisher’s Exact Test or Fisher-Freeman-Halton Exact Test appropriate) was used 
to evaluate between-group differences in the demographic characteristics of sex, race, 
bilingualism/multilingualism, education, individual income, and family household income. 
Independent samples t-test were used to evaluate baseline differences in age, behavioral,  and 
neuropsychological characteristics.  Bivariate Pearson correlation coefficients were used to 
evaluate the relationship between the Perceived Stress Scale and neuropsychological outcome 
variables at baseline and post-treatment across both groups, to determine its inclusion as a 
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covariate. Prior research supports the selection of covariates in outcome studies based on 
imbalances across treatment groups, correlation with the outcome, and both imbalance across 
groups and correlation with the outcome (Raab, Day, & Sales, 2000). One-way analysis of 
variance (ANOVA) was used to determine mean differences between responses on the Weekly 
User Engagement Questionnaire in the breathing group across the four weeks of training. Two-
way Mixed ANOVAs were conducted to determine mean differences between groups in the 
Perceived Stress Scale and neuropsychological outcome variables across baseline and post-
treatment time points. Group status (control vs. breathing) was entered as the between-subjects 
factor, time as the within-subjects factor, and baseline (week 0) and post-treatment (week 4) 
neuropsychological and behavioral outcome scores as the within-subjects variables.  
 Mediation analysis, as outlined in Field (2018) and Hayes (2013) using the PROCESS 
macro for SPSS v.27, was conducted to determine the indirect effects of the independent variable 
(group) on outcome variables (difference score in neuropsychological measures), through the 
independent variable’s effects on the hypothesized mediating variable (difference score in PSS). 
The macro is free to use and can be downloaded from the following website: 
https://www.processmacro.org/index.html. For the mediation models, difference scores for the 
neuropsychological variables and perceived stress scale were calculated by subtracting baseline 
scores from post-treatment scores (Table 19). For the mediation models, the independent variable 
(IV, X) was entered as group status (control versus breathing group), the dependent variables 
(DV, Y) were entered in separate mediation models, as the difference scores of the 
neuropsychological variables, and the mediating variable (M) was entered as the difference score 
in the Perceived Stress Scale. Ordinary Least Squares (OLS) regression was conducted through 
the PROCESS macro in the mediation analyses to calculate the effects of X on M (path a), M on 
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Y (path b), the direct effect of X on Y (path c), and the indirect effect of X on Y (path ab) 
outlined in table 18. Bootstrap (10,000) confidence intervals for the indirect effect and partially 
standardized indirect effects (fully standardized indirect effects not calculable for dichotomous 
independent variables) are reported to assess the mediation models and effect sizes. Prior 
research has determined the bootstrapping method as methodologically superior to other tests of 
mediation such as the Sobel test which are underpowered (Hayes, 2017). Regarding effect sizes, 
the ratio of the indirect effect to the direct effect (c’) or RM has been reported as unstable in 
samples smaller 5000 (MacKinnon 2008). K2 has also been demonstrated to have nonsensical 
effects due to errors in the underlying mathematics that may cause the effect size (K2) to 
decrease as the mediation effect increases (Wen & Fan, 2015) and was subsequently removed 
from the PROCESS macro for SPSS (Field, 2018).   
Outlier, Normality, and Assumption Analysis 
  Box plots, stem-and-leaf plots, normal quantile-quantile (q-q plots), Shapiro-Wilk Test 
statistic, and histograms with superimposed plotted normal curves were used to assess for 
extreme outliers and to assess for the normality assumption of dependent variables before 
inferential analysis. Skewness generally within -1 to 1 and Kurtosis within -2 to 2 were used as 
acceptable values to help determine variables’ normality assumptions. Data was also assessed for 
homogeneity of variance, heteroscedasticity, multicollinearity, and all assumptions for regression 
analyses were met.  
 Extreme outliers were defined as values beyond three times the interquartile (IQ) range. 
At baseline, outlier analysis evidenced one extreme value for WAIS-IV Digit Span Backwards, 
BTACT 30-SACT, OTMT Part A in the control group, which were trimmed from the data. In the 
breathing group, there were two extreme outliers in D-KEFS Letter Fluency scores, which were 
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trimmed from the data. At post-treatment, outlier analysis for the control group evidenced one 
extreme score in OTMT Part A (same individual as in baseline). For the breathing group at post-
treatment, there was one extreme score in OTMT Part A scores, which was trimmed from the 
data.  
Oral Trail Making Part B scores across control and group and across baseline and post-
treatment time points were highly positively skewed and did not follow a normal distribution. A 
square root transformation for Oral Trail Making Part B scores was computed to correct for 
positive skew and unequal variances. After square root transformation, one score was determined 
to be an outlier and was trimmed from the data. All variables subsequently followed 
approximately normal distributions without any significant outliers across time points.  
Scatterplots were plotted to look for consistent outliers between Perceived Stress Scale (PSS) 
scores and neuropsychological outcome variables. Scatterplots were also plotted to look for 
consistent outliers between different neuropsychological outcome variables. There were no 
consistent outliers across PSS and neuropsychological variables. Further subgroup analyses, 
breaking the data down into male/female and monolingual/bilingual also did not yield consistent 
outliers in the data.    
Results 
Baseline Demographic, Behavioral, and Neuropsychological Characteristics 
 Eighty participants met eligibility criteria and were enrolled in this pilot study. Forty 
participants were block-randomized to the control condition and forty participants were block-
randomized to the breathing group. Ten participants withdrew before the end of the study—three 
from the control group and seven from the breathing group. Baseline demographic characteristics 
of both completers and dropouts are summarized and presented in Table 1. On average, 
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participants in the total sample (n=80), were 21.09 years of age (SD= 2.86), with females 
representing 66.3% of the sample. Regarding ethnicity and racial background, White/Caucasians 
represented 18.8% of the sample, Black/African American 15% of the sample, Hispanic/Latinx 
26.3% of the sample, Asian/Asian-American 31.3% of the sample, and Other ethnicities/racial 
backgrounds 8.8% of the sample. Bilingual and multilingual individuals primarily spoke Spanish 
(in addition to English) and represented 67.5% of the sample. All participants were self-reported 
as English proficient. Participants reported as being in college (78.8%), having an Associate’s 
degree (12.5%), having a Bachelor’s degree (0.30%), and having a Master’s degree (0.05%).  In 
the total sample, 55% reported a history of breathing, mindfulness, or meditation practice. There 
were no group differences between study completers and dropouts on any demographic variables 
(Table 1), except for history of breathing, mindfulness, or meditation practice. Participants with a 
history of breathing, mindfulness, or meditation practice were six times more likely to remain in 
the study than those who did not have a history of prior practice; Fisher’s Exact Test statistic,  p= 
0.04, Odds Ratio= 6, 95% CI [1.12, 30.37]. Chi-square tests of independence, Fisher-Freeman-
Halton Exact Test, and independent samples t-tests conducted for all other group differences are 
summarized and presented in Table 1.  
 Baseline demographic characteristics for completers in both the control and breathing 
group are summarized and reported in Table 2. Participants were primarily unemployed (45.7%) 
and family household incomes were primarily above $75,000 (28.6%). There were no significant 
differences between completers of the control and breathing group on any of the demographic 
variables at baseline. Chi-square tests of independence, Fisher-Freeman-Halton Exact Test, and 
independent samples t-tests conducted to determine demographic group differences between 
completers in the control and breathing group at baseline are summarized and presented in Table 
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2. Baseline mean perceived stress scale scores and mean scores for neuropsychological variables 
of interest are summarized and reported in Table 3. At baseline, there were no significant 
differences between groups on any of the neuropsychological variables or perceived stress scale 
scores. Independent samples t-tests conducted to determine group differences in 
neuropsychological variables and perceived stress scale are summarized and reported in Table 3.  
 Bivariate correlations between the perceived stress scale and neuropsychological 
outcome variables at baseline and post-treatment across the control and breathing group are 
reported in Tables 4 through 11. At baseline, there were no significant correlations between the 
PSS and any of the neuropsychological variables in the control or breathing group. At post-
treatment, there were no significant correlations between the PSS and any of the 
neuropsychological variables in the control or breathing group, except for a negative relationship 
between PSS and CVLT-II Short Delay Free Recall (r = -0.39) in the Control Group. This 
indicated that, for the control group, lower PSS scores were weakly associated with higher 
CVLT-II Short Delay Free Recall scores at the post-treatment time point.  
Descriptive Statistics for Weekly User Engagement Questionnaire 
To address Aim 1 and determine the feasibility of using a mobile application to train 
oneself to breathe at resonant frequency, descriptive statistics for breathing facility, distractibility 
while breathing, correct frequency of breathing, stress decline after breathing sessions, and 
weekly stress are summarized and reported in Table 12. Contrary to Hypothesis 1A, the mean 
response on a 5-point Likert scale question assessing participants’ facility in completing their 
breathing sessions was M= 3.07 (SD =1.03). Thus, participants, on average, found the breathing 
application neither easy nor hard to use. A one-way ANOVA found a significant mean difference 
in breathing facility responses among the four weeks, F(3, 124) = 4.09, p= 0.008, 2=0.09. Post-
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hoc analyses using Tukey HSD found a significant mean difference of 0.781 between week four 
and week one breathing facility responses, indicating that participants found it easier to use the 
breathing application at week four compared to week one.  In support of Hypothesis 1B, the 
mean response on a 5-point Likert scale question assessing whether or not participants believed 
they were breathing at the correct frequency was 3.82 (SD =0.81), which indicates that 
participants, on average, agreed that they were breathing at the correct and assigned frequency. 
Participants also reported low mean levels of distractibility while breathing, M= 2.74 (SD =1.02) 
across the four weeks. One-way analysis of variance also revealed significant mean differences 
in weekly reported stress levels across the four weeks of breathing training, F (3, 124) = 4.20, p= 
0.007, 2=0.09. Post-Hoc analyses using Tukey’s HSD found a significant mean difference of -
0.75, p= 0.02,  between week 4 and week 1, indicating that stress levels reported at week 4 
significantly declined from week 1 in the breathing group. One-way analysis of variance for 
other weekly user engagement questions are summarized and reported in Table 13.  
Descriptive Statistics for Breathing Sessions 
Descriptive stats for breathing ratios and total breathing time are summarized and 
reported in Table 14. In the breathing group, participants practiced resonant frequency breathing 
for M= 436 (SD = 116.48) minutes. The majority of the participants (42.4%) in the breathing 
group practiced resonant frequency breathing at a ratio of six seconds of inhalation to six 
seconds of exhalation, 2 = 7.85, p = 0.05.  
Analyses of Neuropsychological Variables 
To address Aim 2 and Aim 3, Mixed ANOVAs were conducted to determine mean group 
differences in neuropsychological variables and PSS scores across time points. Baseline and 
Post-treatment means for neuropsychological measures and the PSS are reported in Table 15. 
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Unless otherwise indicated, mean differences are reported as breathing group versus control 
group and post-treatment time point versus baseline time point. The mixed ANOVAs are 
summarized and presented in Tables 16-19. In contrast to Hypotheses 2A, 2B, 2C, 2D, 2E, 2F 
and 3A, there were no significant interactions between group and time on any of the 
neuropsychological variables measuring basic attention, processing speed, working memory, 
verbal fluency, category fluency, set-shifting, cognitive flexibility, verbal learning, verbal recall, 
or PSS scores, respectively. This indicates that mean differences on neuropsychological variables 
and PSS scores between groups were similar across time points.  
There were no significant main effects of group across any of the neuropsychological 
variables, indicating that mean differences on neuropsychological variables between groups were 
not significantly different. There was a significant main effect of group on PSS scores, F (1, 68) 
=4.00, p = 0.05, 2=0.06, corresponding to a mean difference of 1.84 (SE = 0.92), p = 0.05, 95% 
CI [0.01, 3.67] such that PSS scores were lower in the breathing group compared to the control 
group.  
There was a significant main effect of time on WAIS-IV Digit Span Forward scores, 
F(1,68)= 11.49, p = 0.001, 2=0.15, corresponding to a mean difference of 0.74 (SE=0.22), p 
=0.001, 95% CI [0.31, 1.18] such that scores were better at the post-treatment time point. There 
was a significant main effect of time on WAIS-IV Digit Span Backward scores, F(1,67)= 24.26, 
p < 0.001, 2=0.226, corresponding to a mean difference of 1.13 (SE=0.23), p <0.001, 95% CI 
[0.67, 1.58] such that scores were better at the post-treatment time point . There was a significant 
main effect of time on WAIS-IV Digit Span Total scores, F(1,68)= 29.81, p < 0.001, 2=0.31, 
corresponding to a mean difference of 2.12 (SE=0.39), p <0.001, 95% CI [1.36, 2.94] such that 
scores were better at the post-treatment time point. There was a significant main effect of time on 
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BTACT 30-SACT scores, F(1,67)= 9.88, p = 0.002, 2=0.13, corresponding to a mean difference 
of -3.16 (SE=1.01), p =0.002, 95% CI [-5.17, -1.15] such that scores were better at the post-
treatment time point. There was a significant main effect of time on OTMT Part B scores, 
F(1,65)= 15.24, p < 0.001, 2=0.19, corresponding to a mean difference of -13.55 (SE=3.48), p 
<0.001, 95% CI [-20.51, -6.60] such that scores were better at the post-treatment time point. 
There was a significant main effect of time on D-KEFS Letter Fluency scores, F(1,66)= 18.73, p 
< 0.001, 2=0.22, corresponding to a mean difference of 4.44 (SE=1.03), p <0.001, 95% CI 
[2.39, 6.49] such that scores were better at the post-treatment time point. There was a significant 
main effect of time on D-KEFS Category Fluency scores, F(1,68)= 5.48, p = 0.02, 2=0.08, 
corresponding to a mean difference of -2.15 (SD=0.92), p =0.02, 95% CI [-3.99, -.32] such that 
scores were worse at the post-treatment time point. There was a significant main effect of time 
on Perceived Stress Scale scores, F(1,68)= 23.03, p < 0.001, 2=0.25, corresponding to a mean 
difference of -3.6 (SD=0.75), p <0.001, 95% CI [-5.10, -2.10] such that scores were better at the 
post-treatment time point. There was no significant main effect of time on WAIS-IV Digit Span 
Sequencing, OTMT Part A, D-KEFS Category Switching, D-KEFS Category Switching 
Accuracy, CVLT-II Learning Total, CVLT-II Short Delay Free Recall, CVLT-II Short Delay 
Cued Recall, CVLT Long Delay Free Recall, and CVLT-II Long Delay Cued Recall scores.  
Mediation Analyses 
Neuropsychological and PSS difference scores are reported in Table 20. To address Aim 
4 and assess the potential mediating role of stress reduction in the relationship between the 
breathing treatment and improvements in cognitive functioning, separate mediation models were 
conducted (results summarized and presented in Table 21) for each neuropsychological 
dependent variable. Figures 2 through 17 depict the mediation models and provide b coefficients 
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for paths a, b, and c. In contrast to Hypothesis 4A, breathing training did not indirectly effect 
improvement in basic attention, processing speed, working memory, set-shifting, verbal fluency, 
category fluency, or cognitive flexibility, through its effects on stress reduction. All mediation 
models had bootstrapped 95% CIs for the partially standardized indirect effects containing 0, 
which indicate no mediation. This is presented in Table 21. In support of Hypothesis 4B, 
breathing training did not indirectly effect improvements in verbal learning and recall through its 
effect on stress reduction. Presented in Figure 10, stress reduction as measured by PSS difference 
scores significantly predicted D-KEFS Category Fluency difference scores (path b), b= -0.29 
(SE=0.15), p = 0.05, indicating that for every unit increase in PSS difference score, category 
fluency difference scores will decrease by 0.29 units. This suggests that as stress level difference 
scores increased, decrements in D-KEFS Category Fluency change scores decreased.  
Discussion 
The primary purpose of this dissertation was to conduct an original study to elucidate our 
understanding of the impact and potentially beneficial effect that breathing has on cognitive 
functioning in neurotypical, healthy adults. A secondary goal of this study was to disambiguate 
the role of breathing in contemplative practices such as yoga, meditation, and mindfulness. This 
is an important addition to the literature, given that many of these traditions, practices, and 
treatment paradigms are purported to have beneficial effects on cognition, mood, stress, and 
physical well-being (Brown & Gerbarg, 2005, Gallant, 2016; Gobec & Travis, 2018; Ma et al., 
2017; Perciavalle et al., 2017).  Nonetheless, studies that purely look at breathing are scarce and 
other studies have problematic designs, which do not allow researchers to disentangle the 
discrete effects and role of the breath in said contemplative practices (Zaccaro et al., 2018). 
Indeed, how would one determine the separate or additive contributions of a sustained attention 
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meditation when part of that meditation includes a guided breathing component? Thus, the 
present study was designed with several of the methodological limitations in the literature in 
mind (i.e., lack of control groups, lack of randomization). Furthermore, the present study also 
aimed to determine if the breathing intervention could be delivered remotely (e.g., through phone 
application), which would improve access to the treatment. A final focus of this study was to 
determine whether hypothesized stress reduction mediates the relationship between the breathing 
treatment and improvements in cognitive functioning. To accomplish this goal, we randomized 
participants to a waitlist control group and to an experimental group (i.e., the resonance 
breathing group) that were cognitively and behaviorally evaluated at baseline and after four 
weeks of training.  
On Cognitive Improvement  
Contrary to our predictions, there were no differences in improvements on any of the 
hypothesized neuropsychological measures associated with the cognitive constructs of attention, 
speed of information processing and executive functioning (i.e., basic attention, working 
memory, processing speed, set-shifting, letter fluency, category fluency, category switching). 
This contrasts with recent meta-analyses that suggest that contemplative practices such as yoga 
have breathing exercises associated with cognitive improvements regardless of which particular 
tradition is practiced (Gothe & McAuley, 2015). These null results also do not support literature 
suggesting that breathing at resonance frequency (i.e., around 6 seconds inhalation, 6 seconds 
exhalation)  is associated with improved heart rate variability (HRV) and improved cognitive 
functioning (Alba et al., 2019; Edmonds et al., 2009; Lin et al., 2014; Van Diest et al., 2014) 
such as greater cognitive flexibility, improved decision-making, stronger response inhibition, 
faster processing speed, and increased working memory (Lin, Heffner, Ren & Tadin, 2017).  
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 As previously noted, there was less supporting evidence in the literature for breathing 
training impacting learning and memory retention processes, relative to the domains of attention, 
information processing speed, and executive functioning (Alba et al ., 2019; Hansen, Johnsen, & 
Thayer, 2003; Lin, Heffner, Ren & Tadin, 2017; Prinsloo et al., 2010; Steffen et al., 2017). 
Therefore, we had hypothesized that there would be differences in improvements on verbal 
memory measures in an exploratory fashion. More recently, one controlled trial looking at a 
meditative intervention with a breathing component has demonstrated preliminary evidence for 
improved verbal leaning and recall through enhanced encoding (Lueke & Lueke, 2019). The 
main methodological issues this study encountered were lack of randomized allocation to groups 
and lack of differentiating between meditation (plus breathing) and looking at breathing alone. 
Another recent study evidenced improved learning and retention after the acute intervention of 
exercise plus mindfulness meditation (Austin & Loprinzi, 2019); however, given that only acute 
effects were investigated, longitudinal effects cannot be concluded or discussed. Nonetheless, 
new literature over the last couple of years may suggest that verbal memory is also a cognitive 
domain that may be affected through deep breathing interventions. In contrast, the present study 
did not find any differential improvements in verbal learning and recall variables between the 
breathing group and the control group.  
In discussing the improvements across time that were evidenced on measures of basic 
attention span (WAIS-IV Digit Span Forward), working memory (WAIS-IV Digit Span 
Backward), processing speed (BTACT 30-SACT), set-shifting (Oral Trail Making Test B), 
verbal generative fluency (D-KEFS Letter Fluency), and semantic fluency (D-KEFS Category 
Fluency), one would be remiss to not mention practice effects. In fact, the literature supports that 
practice effects are prevalent in neuropsychological research. Research looking at practice effects 
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in healthy adults and several of the cognitive domains investigated in this study determined that 
the greatest performance improvements were seen within the first and second time point (Bartels 
et al., 2010). Having multiple time points would allow the study design to more carefully 
distinguish between practice effects and intervention effects (Bartels et al., 2010). Furthermore, 
given that this was a waitlist controlled study and there was no difference in improvements 
across groups, it is likely that the improvements across these cognitive measures are merely due 
to the effects of practice over time.  
On Stress Reduction  
 Also contrary to our predictions, there were no differences in stress, as measured by the 
Perceived Stress Scale (PSS), between the control group and the breathing group across time 
points. This contrasts with the extensively replicated effects of meditation, yoga, and 
mindfulness practices on stress reduction (Brown & Gerbarg, 2005; Gobec & Travis, 2018; Ma 
et al., 2017; Perciavalle et al., 2017). In fact, the results of this study demonstrate that participant 
perceived stress decreased significantly regardless of which group they were randomized to. The 
mean level of perceived stress for the control group was M= 23.41 (SD = 5.28) at baseline and 
M=19.81 (SD= 4.56) at the post-treatment time point, compared to the breathing group that 
evidenced a mean of M=21.58 (SD=58) at baseline and M=17.97 (SD=4.94) at post-treatment. 
This depicts that both the control group and the breathing group started the study at moderate 
levels of stress and remained at moderate, albeit qualitatively lower,  levels of stress at study 
completion. This finding is interesting given that the randomization of participants to groups was 
successful and there were no significant differences between the groups on any pertinent 
demographic variables, including age, sex, race, education, and socioeconomic status (proxied by 
both individual and family household income). Additionally, given that engagement was 
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controlled for in the study by implementing weekly questionnaires for both groups, there remains 
questions surrounding why both groups evidenced some stress reduction over the course of four 
weeks. Further, perceived stress is a self-reported and subjective measure, and one has to 
consider several alternative explanations.  
One of the primary explanations for these results may be related to participant response 
bias.  Indeed, although the study has methodological strengths (i.e., randomization, control), it 
was not possible to implement a double-blind design which would have protected against this 
kind of bias (Barker, Pistrang, & Elliot, 2016). Therefore, it is plausible that in merely learning 
about the treatment during the consenting process and initial screening, participants may have 
been influenced to think that they should respond in manners congruent with stress reduction. In 
this scenario, both participants randomized to the control group and those randomized to the 
experimental breathing group knew that the study was interested in assessing for stress and how 
a specific breathing paradigm could help reduce stress and improve cognitive functioning. Even 
if participants in both groups self-reported lower levels of stress at the post-treatment time point, 
one would expect even greater levels of stress reduction in the experimental group, over and 
above the effects of participant bias, if there was a true effect of the breathing treatment on stress 
reduction.  
Another potential explanation for both groups seeing a reduction in their levels of 
perceived stress is the Hawthorne effect (Brody, 2016). The Hawthorne effect refers to changes 
in participant response merely as a consequence of being paid attention to. Indeed, the clinical 
trial literature describes that responses on self-report questionnaires using health-related quality-
of-life tools can be affected by the attention that research personnel pay to research participants 
(Brody, 2016). In the case of the present study, both the control and experimental group were 
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engaged on a weekly basis through the e-mailing of a self-report questionnaire. This was 
implemented to account for unequivocal engagement between groups. For this questionnaire, the 
control group had to report not only their daily phone usage but also provide a subjective rating 
of their weekly stress. Thus, it is plausible that participants in the waitlist control group may have 
underreported stress because they were aware and made to call attention to their subjective stress 
levels. Lastly, it is notable that there was a significant effect of group on PSS scores such that the 
control group had higher overall levels of stress compared to the experimental breathing group 
regardless of time point. Therefore, it is possible that there was a lower threshold to enact change 
in the control group than the breathing group because they started at a higher baseline. 
Conversely, this may be discounted given that there were no significant differences between 
groups on either the behavioral (i.e., PSS) or neuropsychological measures at baseline and both 
groups started at a moderate level of stress as defined by the groups’ mean scores on the PSS.  
On Mediation of Cognitive Improvement  
Concerning the hypotheses of there being an indirect effect of breathing training on 
improvement on different neuropsychological outcomes through its relationship with stress 
reduction, there was only one notable finding. Indeed, none of the mediation models supported 
the conclusion that breathing indirectly affected cognition through its relationship with stress 
reduction. However, in the mediation model looking at the indirect relationship of breathing 
training on D-KEFS Category Fluency scores, path b (the effect of stress reduction on category 
fluency scores accounting for the effects of the independent variable ‘group’) was significant. 
Thus, the model showed a negative relationship such that reductions in pre-post category fluency 
scores lessened as perceived stress also reduced. This is difficult to qualify, given that none of 
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the other neuropsychological outcome measures were predicted from reductions in perceived 
stress. In this context, one explanation that can be explored is regression to the mean.  
Regression toward the mean is a statistical phenomenon that can occur in repeated 
measures designs when observations are made on the same individuals or, in this case, group 
over time. With regression toward the mean, data related to the outcome measure may appear to 
change; however, this change would be due to random error in the observed values around a 
“true” mean. This could be interpreted as anything ranging from random measurement error 
(which is plausible given that the examiners of the evaluations were alternated to maintain the 
single-blind design of the study) to individual differences within the same subject (i.e., 
variability in performance not accounted for by systematic effects) (Barker, Pistrang, & Elliot, 
2016). However, given that there was successful random allocation of participants to groups (i.e., 
there were no significant differences between groups on any of the neuropsychological variables 
at baseline), then one can conclude that the change seen is over and above the effects of 
regression to the mean.  
As such, one has to consider the alternative explanation: 1. As previously mentioned, 
there were significant reductions in stress in both experimental and control group at post-
treatment compared to baseline, 2. The manipulation of the independent variable (IV) of group 
did not differentially affect stress reduction, 3. Stress reduced in both groups due an expectation 
bias or an unknown effect, 4. The overall mean decrease in D-KEFS Category Fluency scores 
may be related to regression to the mean or another random effect,  5. Regardless of what caused 
the reduction in stress, this reduction in stress predicted lower decrements in D-KEFS Category 
Fluency scores difference scores. It would not be correct to say that stress reduction predicted 
improvements, since category fluency scores decreased overall across time points, regardless of 
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group. These are unexpected findings but may be accounted for by variability in the 
measurement error of neurocognitive constructs and perceived stress across time points.  
On the Facility of Mobile Breathing Applications  
To our knowledge, this is the first randomized, controlled study evaluating a mobile 
breathing application and its efficacy in improving neurocognitive and behavioral outcomes such 
as stress. Our results demonstrate that on a 5-point Likert scale (from “not easy at all” to “very 
easy”), participants in the breathing group reported a mean of 3.07 (SD= 1.03), indicating that 
they found the breathing practices, on average, slightly more facile than “neither difficult nor 
easy.” Additionally, when looking across the different training weeks, there was a significant 
mean difference of 0.80, p = 0.01 when comparing weeks 4 and 1, indicating that participants in 
the breathing group found their breathing sessions easier to complete by the end of the study. At 
the very least, this suggests that breathing group participants did not find the treatment 
intolerable—a statement further qualified by the study’s low attrition rate (12.5%) and high 
retention rates across both groups.  
Similarly, the results of this study also supported the feasibility of implementing a 
breathing training completely remotely. Firstly, participants reported a mean total practice time 
of 436 minutes (SD= 116.48), which indicates that, on average, participants practiced as they 
were instructed (total practice time of 40, 10 minute sessions = 400 minutes). Further, 
participants in the breathing group reported a mean of 2.74 (SD =1.02) regarding their 
distractibility on a 5-point scale. Furthermore, participants reported a mean of 3.82 (SD = 0.81) 
in terms of their subjective ratings of whether or not they were breathing at the correct/assigned 
frequency on a 5-point Likert scale (from “strongly disagree” to “strongly agree”). These results 
suggest that in designing studies of remote application of breathing paradigms, there is 
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preliminary evidence to suggest that participants are not distracted and can independently (with 
guidance from the visualization on the application) breathe at their assigned frequency. Another 
important finding of the study is that on a 5-point Likert scale (from “strongly disagree” to 
“strongly agree”) participants reported a mean of 3.49 (SD = 0.98) in subjectively reporting 
stress decline immediately following their breathing sessions. This suggests that participants in 
the breathing group, at minimum, found their stress to subjectively decline after completion of 
their breathing sessions. Finally, the results notably saw a significant mean difference of -0.75 
(SD = 0.02) in subjective stress ratings between weeks 4 and 1. Thus, it is possible that there was 
an additive effect of the breathing training, whereby there was greater stress reduction as 
cumulative practice increased. These results corroborate prior research, which demonstrates that 
mobile-based breathing applications are an efficacious way of delivering a breathing intervention 
(Shih et al., 2019) and that visualizations have added value by enhancing performance on deep 
breathing paradigms and subjects have subjectively found them more instructive and relaxing 
compared to audio-only instructions (Chittaro & Sioni, 2014).  
Generalizability of Findings  
One of the key strengths of the study is the generalizability of the findings to the 
emerging adult community in which recruitment occurred. Our study sample consisted initially 
of 80 undergraduate and graduate school participants which comprised different racial groups, 
including White/Caucasian (18.6%), Black/African American (12.9%), Hispanic/Latinx (28.6%), 
Asian (31.4%), and Other (8/6%), in the context of a primarily bilingual/multilingual (67.1%) 
and female (65.7%) sample. While these percentages did not represent significant differences in 
proportions of race/ethnicity or bilingualism across groups, this representation is consistent with 
the diverse ethnic, racial, and lingual communities of the greater NJ/NY metro area. 
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Additionally, there were no significant differences in representation of different individual 
income and family household income brackets across groups. However, the sample was 
primarily unemployed (45.7%) and family household incomes were mostly above $75,000 
(28.6%).  
Limitations  
The numerous strengths of this study (i.e., group randomization, inclusion of waitlist 
control group, mobile application of breathing training, longitudinal design, evaluation of 
multiple neuropsychological constructs) are balanced by some of the limitations of the study.  
First and foremost, the COVID-19 pandemic necessitated changes to study, such as the exclusion 
of several neuropsychological measures measuring premorbid functioning, non-verbal memory, 
response inhibition, visuoconstructive ability, visual abstract reasoning, and graphomotor 
processing speed. Evaluating these neuropsychological constructs would have been valuable 
additions to the literature, given the lack of comprehensive cognitive testing. Indeed, across 
several studies, only a few cognitive constructs are assessed (Alba et al ., 2019; Hansen, Johnsen, 
& Thayer, 2003; Lin, Heffner, Ren & Tadin, 2017; Prinsloo et al., 2010; Steffen et al., 2017). 
While a hypothesis driven approach to subtest and measure selection has several benefits (i.e., 
reducing the risk of false positive results), the literature would have benefitted from evaluation of 
constructs that have been investigated negligibly. Additionally, inclusion of measures such as the 
Wechsler Test of Adult Reading would have allowed the analyses to control for premorbid 
functioning.  
In discussing the limitations of not including some of the neuropsychological measures 
initially proposed, one would be remiss to not mention the association between perceived stress 
(as measured by the PSS) and specific cognitive constructs. For instance, in one study looking at 
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young adult individuals with first episode psychosis, higher perceived stress was significantly 
associated with poorer premorbid IQ (as measured by the WRAT-3 Reading subtest) and 
working memory (as measured by Digit Span backwards and Letter-Number Sequencing from 
the WAIS) in healthy controls (Allot et al., 2015). This replicates prior studies where higher 
perceived stress is again significantly associated with poorer executive functioning and working 
memory (Aas et al., 2011). Relevant to the population investigated in this dissertation, prior 
research on work-related perceived stress and sick leave demonstrated pronounced differences in 
processing speed (as measured by the digit symbol coding task), prospective memory, and 
sustained attention/arithmetic (as measured by the PASAT) in patients who were on stress-
related sick leave compared to controls (Eskildsen et al., 2015). Finally, in one study 
investigating HIV positive and negative women, there were significant associations (regardless 
of HIV infection status) between higher perceived stress and verbal memory (as measured by the 
Hopkins Verbal Learning Test), processing speed (as measured by the Stroop Test trials 1 and 2), 
and executive functions (as measured by the Stroop Test trial 3 and Trail Making Test B) (Rubin 
et al., 2015). Thus, this brief review of the literature into the Perceived Stress Scale (PSS) and 
specific cognitive constructs suggests that changes in certain constructs (i.e., processing speed, 
working memory) may have been better captured by measures that could not be administered via 
phone. Indeed, graphomotor tasks such as Trail Making Test A and B, as well as Digit Symbol 
Coding may only be completed in person. Other tasks tapping into premorbid intellectual 
functioning, processing speed, and set-shifting that appear to be sensitive to changes in perceived 
stress (i.e., Stroop Trials 1-3) would have required at least an audio-visual component (e.g., 
Zoom).  
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 Another one of the major exclusions from the original study were physiological measures 
of heart rate variability. Initially, the study was designed to measure HRV through 
photophletysmographic methods, which have been evaluated in the literate to be comparable to 
EKG (Mirescu et al., 2017). Including measures of HRV would have allowed the study to look at 
the convergent validity between subjective measures of perceived stress (i.e., the Perceived 
Stress Scale) and objective physiological measures of stress (i.e., heart rate variability). Thus, it 
is not possible to connect the results of this study to the ample evidence that HRV is associated 
with activating the vagus nerve (Breit, Kupferberg, Rogler & Hasler, 2018) which, through the 
neurovisceral integration model, implicates an association between the heart and brain (Colzato 
et al., 2018). In not measuring and reporting HRV data, this study can have less confidence in the 
self-report data. It is entirely possible that participant response bias was prevalent in the weekly 
questionnaires. Thus, it is plausible that participants were not accurately reporting number of 
sessions trained and number of minutes trained. Had HRV been collected, I would have been 
able to discern whether a physiological measure of stress (i.e., HRV, cortisol) correlated with 
reductions in stress.  
 Another important limitation of the breathing study is also one of its key strengths. 
Employing the breathing intervention via smartphone allowed for remote administration of the 
treatment and has implications for access to care; however, this also reduces the study’s capacity 
to ensure that participants are breathing at the correct frequency if at all. While self-report data 
suggested that participants, on average, believed they were breathing more or less correctly, on-
site administration of breathing interventions have the advantage of being able to qualify this 
with physiological data (i.e., concurrent respiratory sinus arrythmia, breathing coaches, etc.) (Ma 
et al., 2017).  
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Other limitations of the study include a potentially inadequate dosage of the treatment 
and a lack of power to detect an effect in a neurotypical, healthy emerging adult population. 
Regarding the dosage of the treatment effect, we selected 10 minutes of breathing per session 
based on the highly heterogenous data on study designs designating how long of a practice time 
is necessary to activate the vagus nerve. In fact, studies have demonstrated anywhere from as 
little as 2 minutes (DeCouck et al., 2019) to as long as several hours for multiple sessions (Auty, 
Cope & Liebling, 2017). The dosage of the treatment effect should be taken into consideration 
with the fact that the sample employed were neurotypically healthy individuals with no 
psychiatric conditions. Although the study recruited only participants with at least moderate 
levels of stress based on the PSS, baseline levels of cognitive functioning may not have had the 
necessary decline to see a change over time. Moreover, it is possible that only moderate levels of 
stress may have had a beneficial effect on cognitive performance. Classic research into arousal 
states suggests that performance is affected by level of arousal in an inverted-U-shape function 
called the Yerkes-Dodson law (Yerkes, 1908).  According to this function, performance on 
cognitively challenging tasks may be best when one is under an “optimal” level of stress and it is 
impaired when one experiences stress above or below these optimal levels (Mendl, 1999). In the 
context of the present results, perhaps the improvements seen across several of the cognitive 
measures can be partially explained by the moderate level of stress that both groups self-reported 
across time points. Future studies may want to include participants with “high” levels of stress as 
measured by the PSS; however, one runs into the issue of also having to screen for comorbid 
psychiatric disorders such as depression and anxiety at a more in-depth level which complicates 
the study design.  
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A final consideration regarding the dosage of the treatment effect is that it may have been 
insufficient in the context of the COVID-19 pandemic. Indeed, given what is known about the 
effects of chronic stress on the HPA-axis, it is plausible that the added stressor of the pandemic 
quashed the ability to detect a signal for a true effect in the study because the pandemic may be 
overstimulating everyone’s sympathetic nervous systems through greater stress. However, one 
could argue that this would have been true for both the control and the breathing group, given 
randomization. This could implicate an interesting interaction between chronic stress and optimal 
levels of arousal whereby the threshold for activation of the vagus nerve (thought to mediate the 
interrelated relationship between deep breathing and cognition and emotions) was raised such 
that the dosage given (400 minutes of breathing) was insufficient to enact an effect over and 
above that of a practice, expectancy, or observer bias.  
Regarding biases in the study, it is important to note that selection bias may have 
influenced the results of the study. The results demonstrated that participants with a history of 
ever having practiced deep breathing, meditation, yoga or mindfulness were six times more 
likely to remain in the study (n=70 for final sample) than those that dropped out of the study 
(n=10). Indeed, this would suggest that there was a selection bias whereby people who were 
already interested in breathing practices were more likely to be included in the study. This calls 
for future research to potentially recruit only contemplative practice-naïve individuals while 
balancing the ability to recruit a sufficient sample size to detect an effect.  
In designing a study that is conducted in a completely remote fashion, it is difficult to 
control for engagement and distractors in the environment. Thus, another one of the limitations 
of the study is that it was not possible to control for participants not engaging in other tasks 
throughout the evaluations at different time points (i.e., writing notes down, using their phones, 
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watching TV). Similarly, there is the qualitative experiential report from our assessment 
personnel that, despite being instructed to have a quiet location free from distractions, research 
participants sometimes had suboptimal testing environments (i.e., noises from the city 
environment), which may have influenced the results of the study.  
A final limitation of the study to note is the lack of sufficient or appropriate measurement 
of a participant’s level of bilingualism/multilingualism and level of acculturation, given the 
sample’s multilingual majority. These are important factors for a number of reasons. For one, 
without assessing an individual’s cognitive processes across all languages that they are proficient 
in, one is capturing an incomplete picture of that individual’s cognitive functioning. Further, 
prior research has demonstrated that subjective values that are inadvertently assessed in research 
(i.e., speed in completing tasks) is influenced by culture (Ardila, 2005). What this means is that 
performance on a measure of processing speed such as OTMT-A may be subserved by the 
underlying values a person places on factors such as speed and performance. Thus, one could 
have two individuals from different cultural backgrounds—one that values speed and performs to 
the best of their ability and another that may not value speed but value accuracy and 
meticulousness. Using the same measure to assess their cognitive functioning without accounting 
for a participant’s level of bilingualism/multilingualism or level of acculturation has serious 
problems for the generalizability of the findings across cultural groups.  
Future Study Designs  
There are several considerations to keep in mind in designing and implementing future 
studies. Researchers should carefully weigh the benefits of employing the breathing intervention 
on-site versus remotely (i.e., through smartphone). Future research should have an objective 
measure of a participant’s breathing application use. This would decrease human error in 
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reporting total breathing training time and eliminate the risk of participant response bias in 
determining whether or not participants are following through with the treatment.  
Another consideration for future studies is the inclusion of not only a waitlist control 
group but an active control group. While randomization and inclusion of a control group can help 
to control for effects such as practice effects and random effects outside of the treatment, the 
inclusion of an active control group would allow for the interpretation of an effect over and 
above the effects of a placebo (Boot, Simons, and Stutts, 2013). For example, researchers may 
attempt to disambiguate the differential effects of a waitlist control, a diaphragmatic breathing 
exercise such as resonant frequency breathing, and a sustained attention task (i.e., candle 
meditation for an active control condition) to better understand the true effect of a breathing 
intervention over and above the effects of engagement, practice effects, and placebo. Taking 
apart the discrete components of intervention studies would be greatly beneficial and is needed in 
the literature. For instance, one of the few randomized controlled trials that evaluates academic 
performance in yoga versus non-yoga practicing students demonstrated that there were 
improvements in mathematics, science, and social studies (Kauts & Sharma, 2009). These 
subject matters are subserved by various cognitive processes (e.g., social studies may have a 
strong rote memorization component, mathematics can entail visuospatial ability, science can 
incorporate logical thinking and problem-solving). However, the yoga practice that was 
investigated, included not only breathing but also meditation and posture components, and thus, 
it is difficult to speak to the variance explained by each.  
Finally, future research should delve into investigating the optimal treatment time for a 
deep breathing intervention. A limitation of the literature is the lack of uniformity in the dosage 
of breathing training. There may be a complex interaction between training time being 
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contingent upon whether one looks at improvement in behavioral and cognitive functioning after 
an acute versus situational stress or within a single session versus longitudinally. Future research 
should attempt to disentangle these complex interactions to better understand if potential gains in 
cognitive and emotional functioning are sustained longitudinally.  
Towards a Contemplative Future 
All in all, the results from this study revealed that implementing a deep-breathing training 
remotely via mobile application is a feasible endeavor. Not only is such an intervention tolerable 
(evidenced by the study’s high retention rates) but, subjectively, participants reported that they 
believed they were practicing correctly, little distracted, and acutely less stressed after their 
breathing sessions. While the results also suggested that there are no longitudinal cognitive 
improvements to be seen over and above a practice effect between the control group and the 
breathing group, future research with improved designs may be able to detect an effect. This 
study furthers the scientific literature by implementing a randomized controlled trial and 
informing the scientific community of the risks and benefits of conducting a trial in an entirely 
remote fashion. Additionally, just because there was no differential improvement in cognitive 
functioning in this study does not mean that future replications will find the same. In fact, there 
is great benefit to investigating the effects of breathing in contemplative practices on cognition in 
clinical populations (i.e., depression, anxiety, PTSD). In the context of the global COVID-19 
pandemic and health disparities in access to care, remote applications of interventions to improve 
mood, reduce stress, and improve cognitive functioning, would help to close the gap in access to 





Appendix A: Pandemic Effects on Study Design 
With the commencement of the COVID-19 pandemic, several changes had to be made to my 
dissertation’s study design, which are reflected in the design description above. Initially, my dissertation 
project was interested in assessing the physiological effects of resonance frequency breathing, which 
was assessed through photoplethysmography methods. I had hypothesized that the breathing group 
would show physiological improvements, as evidenced by higher metrics of HRV. Since the new protocol 
is completed entirely over the phone and via web browser, HRV was no longer able to be measured. 
Additionally, the study design had three time points of neuropsychological evaluation instead of two.  
There were also several cognitive tests that had to be removed from the neuropsychological 
battery, including the Wechsler Test of Adult Reading (to assess premorbid functioning), the Brief 
Visuospatial Memory Test-Revised Edition (to assess non-verbal memory), the Trail Making Test (to 
assess graphomotor processing speed), the Color Word Interference Test (to assess processing speed, 
response inhibition, and conditional rule following), block design from the WAIS-IV (to assess higher 
order visuospatial construction ability), matrix reasoning (to assess non-verbal abstract reasoning), and 
Coding from the WAIS-IV (to assess graphomotor processing speed). These subtests were removed from 
the battery due to the necessity for in-person administration or an audio-visual component (which was 
not possible over the phone).  
The study design also faced the novel difficulty of having to determine appropriate cognitive 
measures that could be administered remotely and via phone. In particular, there was a strong lack of 
processing speed measures, and I had to form a collaboration with Dr. Margie Lachman from Brandeis 
University to gain access to the Brief Test of Adult Cognition by telephone and the 30-SACT. This was a 
valuable addition to the cognitive battery as a processing speed measure. 
All of the described study changes were necessary in the context of the COVID-19 pandemic. 
There was a civil duty to stop all in person research to help efforts to stave off the virus and this also 
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became a necessity once CUNY disseminated guidelines to stop all in person research. This resulted in 
having to stop recruitment after 23 participants had already completed a baseline assessment. Of those 
participants, about half had completed a mid-treatment assessment, and five had completed a post-
treatment assessment. With the amendment to the study submitted to the IRB, the participants who 

































Appendix B: Tables and Figures 
  
Table 1 








(n = 70) 
Analysis 
T or 2 
Age 21.09 (2.86) 21.10 (2.77) 21.09 (2.89) t = -0.02, p = 0.99 
Sex     
       Male 27 (33.8) 3 (11.10) 24 (88.90) 2 = 0.07, p = 0.79 
       Female 53 (66.3) 7 (13.20) 46 (86.80)  
Race    FFHET = 3.18, p = 0.53 
       White/Caucasian  15 (18.8) 2 (13.3) 13 (86.7)  
       Black/African American 12 (15.0) 3 (25.0) 3 (75.0)  
       Hispanic/Latinx 21 (26.3) 1 (4.8) 20 (95.2)  
       Asian 25 (31.3) 3 (12.0) 22 (88.0)  
       Other 7 (8.8) 1 (14.3) 6 (85.7)  
Bilingual/Multilingual 54 (67.5) 7 (13.0) 47 (87.0) FET, p = 1.0 
English Proficiency 100 (100) 10 (12.5) 70 (87.5) * 
Education           FFHET = 2.38, p = 0.45 
        In College 63 (78.8) 9 (14.3) 54 (85.7)  
        Associate’s Degree 10 (12.5) 0 (0.0) 10 (100.0)  
        Bachelor’s Degree 2 (0.30) 0 (0.0) 2 (100.0)  
        Master’s Degree 4 (0.05) 1 (25.0) 3 (75.0)  
History of Breathing, Mindfulness, 
Meditation Practice 
44 (55%) 8 (22.2) 28 (77.8) FET, p =0.04, OR= 6, 95% 
CI [1.12, 30.37] 
Note: All values expressed as M (SD) or n (%). FFHET = Fisher-Freeman-Halton Exact Test; * = No statistics are 














(n = 33) 
Analysis 
T or 2 
Age 21.1 (2.9) 20.6 (2.8) 21.5 (3.0) t = 1.2, p = 0.2 
Sex     
       Male 24 (34.3) 12 (32.4) 12 (36.4) 2 = 0.1, p = 0.8 
       Female 46 (65.7) 25 (67.6) 21 (63.4)  
Race    FFHET = 0.9, p = 0.9 
       White/Caucasian  13 (18.6) 6 (16.2) 7 (21.2)  
       Black/African American 9 (12.9) 5 (13.5) 4 (12.1)  
       Hispanic/Latinx 20 (28.6) 11 (29.7) 9 (27.3)  
       Asian 22 (31.4) 11 (29.7) 11 (33.3)  
       Other 6 (8.6) 4 (10.8) 2 (6.1)  
Bilingual/Multilingual 47 (67.1) 23 (62.2) 24 (72.7) 2 = 0.9, p = 0.3 
English Proficiency 70 (100) 37 (100) 33 (100) * 
Education           FFHET = 1.6, p = 0.8 
        In College 54 (77.1) 30 (81.1) 24 (72.7)  
        Associate’s Degree 10 (14.3) 4 (10.8) 6 (18.2)  
        Bachelor’s Degree 2 (2.9) 1 (2.7) 1 (3.0)  
        Master’s Degree 5 (3) 1 (2.7) 2 (6.1)  
Individual Income    FFHET = 5.9, p = 0.6 
        Not employed 32 (45.7) 16 (43.2) 16 (48.5)  
 <$10,000 15 (21.4) 10 (27.0) 5 (15.2)  
 $10,000 - $19,999 8 (11.4) 4 (10.8) 4 (12.1)  
 $20,000 - $29,999 3 (4.3) 1 (2.7) 2 (6.1)  
 $30,000 - $39,999 7 (10.0) 5 (13.5) 2 (6.1)  
 $40,000 - $59,999 2 (2.9) 0 (0.0) 2 (6.1)  
 $60,000 - $74,999 2 (2.9) 1 (2.7) 1 (3.0)  
 >$75,000 1 (1.4) 0 (0.0) 1 (3.0)  
Family Household Income    FFHET = 3.3, p = 0.9 
        Not employed 2 (2.9) 1 (2.7) 1 (3.0)  
        <$10,000 5 (7.1) 2 (5.4) 3 (9.1)  
        $10,000 - $19,999 4 (5.7) 1 (2.7) 3 (9.1)  
        $20,000 - $29,999 9 (12.9) 4 (10.8) 5 (15.2)  
        $30,000 - $39,999 12 (17.1) 6 (16.2) 6 (18.2)  
        $40,000 - $59,999 12 (17.1) 8 (21.6) 4 (12.1)  
        $60,000 - $74,999 5 (7.1) 3 (8.1) 2 (6.1)  
        >$75,000 20 (28.6) 11 (29.7) 9 (27.3)  
History of Breathing, Mindfulness, 
Meditation Practice 
44 (55%) 8 (22.2) 28 (77.8) 2 = 2.8, p = 0.09 
Note: All values expressed as M (SD) or n (%); FFHET = Fisher-Freeman-Halton Exact Test;  














(n = 33) 
Analysis 
T-test 
Perceived Stress Scale 22.54 (5.19) 23.41 (5.28) 21.58 (4.99) t = 1.48, p = 0.14 
WAIS DS Forward 9.29 (2.18) 9.62 (2.06) 8.91 (2.28) t = 1.37, p = 0.17 
WAIS DS Backward 8.13 (2.07) 8.22 (2.11) 8.03 (2.05) t = 0.38, p = 0.70 
WAIS DS Sequencing 8.60 (1.91) 9.00 (1.84) 8.15 (1.92) t = 1.89, p = 0.06 
WAIS DS Total 26.13 (5.16) 27.05 (5.08) 25.09 (5.11) t = 1.61, p = 0.11 
BTACT Counting Back 54.33 (11.41) 54.61 (11.47) 54.03 (11.53) t = 0.21, p = 0.84 
OTMT A 7.19 (1.76) 7.11 (1.86) 7.28 (1.67) t = -0.41, p = 0.68 
OTMT B 45.31 (29.43) 42.93 (26.71) 47.90 (32.37) t = -0.27, p = 0.79 
DKEFS Letter Fluency 35.75 (9.14) 36.46 (10.44) 34.90 (7.37) t = 0.70, p = 0.49 
DKEFS Category Fluency 39.54 (9.59) 38.95 (8.80) 40.21 (10.50) t = -0.55, p = 0.59 
DKEFS Switching 13.17 (3.30) 12.97 (2.58) 13.39 (3.98) t = -0.53, p = 0.60 
DKEFS Accuracy  12.46 (3.51) 12.27 (3.10) 12.67 (3.97) t = -0.47, p = 0.64 
CVLT Learning Total 50.17  (9.98) 50.92 (8.92) 49.33 (11.14) t = 0.66, p = 0.51 
CVLT SD Free Recall 10.84 (2.95) 11.05 (2.17) 10.61 (3.65) t = 0.63, p = 0.53 
CVLT SD Cued Recall 11.26 (2.51) 11.51 (1.81) 10.97 (3.13) t = 0.90, p = 0.37 
CVLT LD Free Recall 10.69 (2.99) 11.00 (2.20) 10.33 (3.69) t = 0.93, p = 0.36 
CVLT LD Cued Recall  11.41 (2.70) 11.78 (1.83) 11.00 (3.41) t = 1.22, p = 0.23 
Note: WAIS = Wechsler Adult Intelligence Scale; DKEFS = Delis-Kaplan Executive Function System; CWIT = 
Color-Word Interference Test CVLT = California Verbal Learning Test; BTACT = Brief Test of Adult Cognition 




Bivariate Correlations Among Perceived Stressed Scale and Attention, Processing Speed and 
Executive Functioning Variables at Baseline in the Control Group  
 1 2 3 4 5 6 7 8 9 10 11 12 
1. Perceived Stress Scale -            
2. WAIS DS Forward .28 -           
3. WAIS DS Backward .02 .38* -          
4. WAIS DS Sequencing .19 .42* .44** -         
5. WAIS DS Total .22 .79** .80** .75** -        
6. BTACT 30-SACT -
.18 
-.07 -.10 -.23 -.17 -       
7. OTMT A -
.22 
-.05 .05 .03 -.09 .67** -      
8. OTMT B .17 -.001 -.20 -
.45** 
-.20 .11 -.23 -     
9. DKEFS Letter 
Fluency 






-    
10. DKEFS Category 
Fluency 




.34* -   






.25 .84** -  




.28 .38* .35* - 
Note: *p < .05. **p < 01. 
WAIS = Wechsler Adult Intelligence Scale; DKEFS = Delis-Kaplan Executive Function System; CWIT = Color-
Word Interference Test CVLT = California Verbal Learning Test; BTACT = Brief Test of Adult Cognition by 




Table 5  
 
Bivariate Correlations Among Perceived Stressed Scale and Attention, Processing Speed and 
Executive Functioning Variables at Baseline in the Experimental Group  
 1 2 3 4 5 6 7 8 9 10 11 12 
1. Perceived Stress Scale -            
2. WAIS DS Forward -.06 -           
3. WAIS DS Backward -.28 .67** -          
4. WAIS DS Sequencing -.25 .46** .34 -         
5. WAIS DS Total -.24 .89** .83** .72** -        






-       
7. OTMT A .08 -.35* -.40* -.40* -
.47** 
.66** -      
8. OTMT B .20 -.39* -.14 -.26 -.33 .26 .15 -     




-    
10. DKEFS Category 
Fluency 




.26 -   




.26 .63** -  




.31 .60** .96** - 
Note: *p < .05. **p < 01. 
WAIS = Wechsler Adult Intelligence Scale; DKEFS = Delis-Kaplan Executive Function System; CWIT = Color-
Word Interference Test CVLT = California Verbal Learning Test; BTACT = Brief Test of Adult Cognition by 




Table 6  
 
Bivariate Correlations Among the Perceived Stress Scale and Memory 
Variables at Baseline in the Control Group 
 1 2 3 4 5 6 
1. Perceived Stress Scale -      
2. CVLT Total Learning .19 -     
3. CVLT SD Free Recall .14 .71** -    
4. CVLT SD Cued Recall -.002 .62** .47** -   
5. CVLT LD Free Recall .02 .55** .71** .53** -  
6. CVLT LD Cued Recall .06 .55** .35* .84** .61** - 
Note: *p < .05. **p < 01. CVLT = California Verbal Learning Test; SD = Short Delay; 






Bivariate Correlations Among the Perceived Stress Scale and Memory 
Variables at Baseline in the Breathing Group 
 1 2 3 4 5 6 
1. Perceived Stress Scale  -      
2. CVLT Learning Total  -.25 -     
3. CVLT SD Free Recall -.18 .88** -    
4. CVLT SD Cued Recall .03 .80** .82** -   
5. CVLT LD Free Recall  -.18 .83** .92** .85** -  
6. CVLT LD Cued Recall -.06 .75** .88** .91** .91** - 
Note: *p < .05. **p < 01. CVLT = California Verbal Learning Test; SD = Short Delay; 




Table 8  
 
Bivariate Correlations Among Perceived Stressed Scale and Attention, Processing Speed and 
Executive Functioning Variables Post-Treatment in the Control Group  
 1 2 3 4 5 6 7 8 9 10 11 12 
1. Perceived Stress 
Scale 
-            
2. WAIS DS 
Forward 
.04 -           
3. WAIS DS 
Backward 
-.13 .63** -          
4. WAIS DS 
Sequencing 
-.11 .86** .17 -         
5. WAIS DS Total -.08 -.16 .82** .60** -        
6. BTACT 30-
SACT 
-.07 -.22 -.35* -.28 -.34* -       
7. OTMT A .008 -.25 -.34* -.24 -.35* .43** -      
8. OTMT B .19 .30 -.28 -.32 -.37* .34* .25 -     
9. DKEFS Letter 
Fluency 
-.07 .07 .37* .26 .41* -.41* -
.48** 
-.27 -    
10. DKEFS 
Category Fluency 
-.10 .40* .13 .37* .44** -.39* -
.55** 
-.24 .60** -   
11. DKEFS 
Switching 




.54** .53** -  
12. DKEFS 
Accuracy  




.53** .52** .93** - 
Note: *p < .05. **p < 01. 
WAIS = Wechsler Adult Intelligence Scale; DKEFS = Delis-Kaplan Executive Function System; CWIT = Color-
Word Interference Test CVLT = California Verbal Learning Test; BTACT = Brief Test of Adult Cognition by 




Table 9  
 
Bivariate Correlations Among Perceived Stressed Scale and Attention, Processing Speed and 
Executive Functioning Variables Post-treatment in the Breathing Group  
 1 2 3 4 5 6 7 8 9 10 11 12 
1. Perceived Stress 
Scale 
-            
2. WAIS DS Forward .06 -           
3. WAIS DS Backward .04 .65** -          
4. WAIS DS 
Sequencing 
.27 .43* .36* -         
5. WAIS DS Total .14 .88** .85** .69** -        








-       
7. OTMT A .10 -.30 -.44* -.21 -.40* .70** -      
8. OTMT B -
.16 
-.38* -.45* -.33 -
.49** 
.29 .14 -     
9. DKEFS Letter 
Fluency 




-    
10. DKEFS Category 
Fluency 
.31 .07 .01 .28 .13 -.12 -
.13 
-.30 .67** -   
11. DKEFS Switching .08 .27 .27 .36* .36* -.14 -
.16 
-.22 .49** .57** -  
12. DKEFS Accuracy  .16 .21 .27 .28 .31 -.11 -
.22 
-.19 .44* .58** .87** - 
Note: *p < .05. **p < 01. 
WAIS = Wechsler Adult Intelligence Scale; DKEFS = Delis-Kaplan Executive Function System; CWIT = Color-
Word Interference Test CVLT = California Verbal Learning Test; BTACT = Brief Test of Adult Cognition by 






Bivariate Correlations Among the Perceived Stress Scale and Memory 
Variables Post-treatment in the Control Group 
 1 2 3 4 5 6 
1. Perceived Stress Scale  -      
2. CVLT Learning Total  -.19 -     
3. CVLT SD Free Recall -.39* .63** -    
4. CVLT SD Cued Recall -.26 .64** .74** -   
5. CVLT LD Free Recall  -.19 .55** .75** .81** -  
6. CVLT LD Cued Recall -.23 .68** .81** .92** .86** - 
Note: *p < .05. **p < 01. CVLT = California Verbal Learning Test; SD = Short Delay; 




Table 11  
 
Bivariate Correlations Among the Perceived Stress Scale and Memory 
Variables Post-treatment in the Breathing Group 
 1 2 3 4 5 6 
1. Perceived Stress Scale  -      
2. CVLT Learning Total  .01 -     
3. CVLT SD Free Recall .00 .83** -    
4. CVLT SD Cued Recall .15 .74** .75** -   
5. CVLT LD Free Recall  .01 .82** .84** .78** -  
6. CVLT LD Cued Recall .17 .77** .76** .96** .80** - 
Note: *p < .05. **p < 01. CVLT = California Verbal Learning Test; SD = Short Delay; 








Descriptive Statistics for Breathing Weekly Questionnaire  










Breathing Facility   2.66 (1.00) 2.91 (0.96) 3.28 (0.88) 3.44 (1.11) 3.07 (1.03) 
Distractibility While Breathing 3.00 (0.92) 2.84 (1.05) 2.63 (1.07) 2.50 (1.02) 2.74 (1.02) 
Correct Frequency 3.84 (0.68) 3.78 (0.83) 3.78 (0.87) 3.88 (0.87) 3.82 (0.81) 
Stress Decline after Breathing 3.47 (0.98) 3.50 (0.92) 3.53 (1.02) 3.47 (1.05) 3.49 (0.98) 
Weekly Stress  2.91 (1.00) 2.78 (1.16) 2.31 (0.90) 2.16 (0.92) 2.54 (1.03) 










      




Table 13  
 
One-Way Analysis of Variance with Weekly Questions as Dependent Variables and Week of 
Response as Independent Variable   
Source df F p 𝜂2 Tukey HSD 
Dependent Variable: Breathing Facility      
     Between Groups 3 4.09 0.008 0.090 Mean Difference of  
     Within Groups 124    W 4 – W 1 = 0.781, p = 
0.011 
Dependent Variable: Distractibility While 
Breathing  
     
     Between Groups 3 1.55 0.210 0.040  
     Within Groups 124     
Dependent Variable: Correct Frequency      
     Between Groups 3 0.11 0.957 0.002  
     Within Groups 124     
Dependent Variable: Stress Decline after 
Breathing 
     
     Between Groups 3 0.03 0.993 0.007  
     Within Groups 124     
Dependent Variable: Weekly Stress       
     Between Groups 3 4.20 0.007 0.090 Mean Difference of  
     Within Groups 124    W 4 – W 1 = -0.750, p = 
0.017 
Dependent Variable: Total Breathing per Week       
     Between Groups 3 0.13 0.940 0.003  
     Within Groups 124     










(n = 33) 
Analysis 
T or 2 
Breathing Total  436 (116.48) -- 
Breathing Ratio  2 = 7.85, p = 0.05 
        6 to 6  14 (42.4)  
        5 to 5  10 (30.3)  
        5 to 7  5 (15.2)  
        4 to 6  4 (12.1)  
Note: All values expressed as M (SD) or n (%); FFHET = Fisher-Freeman-Halton Exact Test; * = No statistics are 







Table 15  
 
Baseline and Post-treatment Neuropsychological Outcome and Perceived Stress Scale Means 
for Waitlist Control and Breathing Group 














Perceived Stress Scale  23.41 (5.28) 21.58 (4.99) 19.81 (0.75) 17.97 (4.94) 
WAIS DS Forward 9.62 (2.06) 8.91 (2.28) 10.38 (0.38) 9.64 (2.47) 
WAIS DS Backward 8.22 (2.11) 8.03 (2.05) 9.57 (2.39) 9.03 (2.26) 
WAIS DS Sequencing 9.00 (1.84) 8.15 (1.92) 9.14 (1.97) 8.70 (1.83) 
WAIS DS Total  27.05 (5.08) 25.09 (5.11) 29.08 (5.12) 27.36 (5.36) 
BTACT 30-SACT 54.61 (11.47) 54.03 (11.53) 49.05 (17.13) 52.18 (11.42) 
OTMT A 7.11 (1.86) 7.28 (1.67) 6.94 (1.98) 6.87 (2.09) 
OTMT B 42.93 (26.71) 47.90 (32.37) 30.13 (15.23) 30.83 (3.07) 
DKEFS Letter Fluency 36.46 (10.44) 34.90 (7.37) 41.05 (17.13) 40.97 (12.79) 
DKEFS Category Fluency 38.95 (8.80) 40.21 (10.50) 35.97 (10.12) 38.88 (10.97) 
DKEFS Switching Correct 12.97 (2.58) 13.39 (3.98) 12.51 (3.94) 13.18 (3.89) 
DKEFS Accuracy  12.27 (3.10) 12.67 (3.97) 11.70 (3.76) 12.55 (3.84) 
CVLT Learning Total 50.92 (8.92) 49.33 (11.14) 51.16 (9.71) 50.45 (10.19) 
CVLT SD Free Recall 11.05 (2.17) 10.61 (3.65) 11.46 (2.75) 11.24 (3.33) 
CVLT SD Cued Recall 11.51 (1.81) 10.97 (3.13) 11.54 (2.75) 11.48 (3.01) 
CVLT LD Free Recall 11.00 (2.20) 10.33 (3.69) 11.08 (0.44) 11.30 (3.41) 
CVLT LD Cued Recall 11.78 (1.83) 11.00 (3.41) 11.46 (3.04) 11.48 (3.09) 





Table 16  
 
Two-Way Mixed Repeated Measures ANOVA with Group (Control/Breathing) as Independent 
Variable and WAIS Digit Span Scores as Dependent Variables  
Source df F p 𝜂2 
Dependent Variable: WAIS DS Forward     
  Within-Subjects Effects     
     Time 1 11.49 0.001 0.145 
     Time*Group 1 0.005 0.947  
     Error (Time) 68    
  Between-Subjects Effects     
     Group 1 2.112 0.151 0.30 
     Error 68    
Dependent Variable: WAIS DS Backward     
  Within-Subjects Effects     
     Time 1 24.257 <0.001 0.266 
     Time*Group 1 0.299 0.586 0.004 
     Error (Time) 67    
  Between-Subjects Effects     
     Group 1 0.440 0.509 0.007 
     Error 67    
Dependent Variable: WAIS DS Sequencing     
  Within-Subjects Effects     
     Time 1 2.538 0.116 0.036 
     Time*Group 1 0.922 0.340 0.013 
     Error (Time) 68    
  Between-Subjects Effects     
     Group 1 2.589 0.112 0.037 
     Error 68    
Dependent Variable: WAIS DS Total     
  Within-Subjects Effects     
     Time 1 29.814 <0.001 0.305 
     Time*Group 1 0.097 0.756 0.001 
     Error (Time) 68    
  Between-Subjects Effects     
     Group 1 2.465 0.121 0.035 




Table 17  
 
Two-Way Mixed Repeated Measures ANOVA with Group (Control/Breathing) as Independent 
Variable and PSS, BTACT, and OTMT Scores as Dependent Variables  
Source df F p 𝜂2 
Dependent Variable: Perceived Stress Scale     
  Within-Subjects Effects     
     Time 1 23.027 <0.001 0.253 
     Time*Group 1 <0.000 0.994 <0.000 
     Error (Time) 68    
  Between-Subjects Effects     
     Group 1 4.003 0.049 0.056 
     Error 68    
Dependent Variable: BTACT Count Backwards     
  Within-Subjects Effects     
     Time 1 9.883 0.002 0.129 
     Time*Group 1 1.703 0.196 0.025 
     Error (Time) 67    
  Between-Subjects Effects     
     Group 1 0.063 0.803 0.001 
     Error 67    
Dependent Variable: Oral Trail Making Test A     
  Within-Subjects Effects     
     Time 1 2.051 0.157 0.030 
     Time*Group 1 0.250 0.619 0.004 
     Error (Time) 66    
  Between-Subjects Effects     
     Group 1 0.004 0.952 <0.000 
     Error 66    
Dependent Variable: Oral Trail Making Test B     
  Within-Subjects Effects     
     Time 1 15.241 <0.001 0.190 
     Time*Group 1 <0.000 0.989 <0.000 
     Error (Time) 65    
  Between-Subjects Effects     
     Group 1 0.012 0.913 <0.000 




Table 18  
 
Two-Way Mixed Repeated Measures ANOVA with Group (Control/Breathing) as Independent 
Variable and DKEFS Scores as Dependent Variables  
 
Source df F p 𝜂2 
Dependent Variable: DKEFS Letter Fluency     
  Within-Subjects Effects     
     Time 1 18.733 <0.001 0.221 
     Time*Group 1 0.022 0.883 <0.000 
     Error (Time) 66    
  Between-Subjects Effects     
     Group 1 0.579 0.449 0.009 
     Error 66    
Dependent Variable: DKEFS Category Fluency     
  Within-Subjects Effects     
     Time 1 5.482 0.022 0.075 
     Time*Group 1 0.795 0.376 0.012 
     Error (Time) 68    
  Between-Subjects Effects     
     Group 1 0.871 0.354 0.013 
     Error 68    
Dependent Variable: DKEFS Switching Total     
  Within-Subjects Effects     
     Time 1 0.627 0.431 0.009 
     Time*Group 1 0.085 0.771 0.001 
     Error (Time) 68    
  Between-Subjects Effects     
     Group 1 0.516 0.475 0.008 
     Error 68    
Dependent Variable: DKEFS Switching Accuracy     
  Within-Subjects Effects     
     Time 1 0.660 0.419 0.010 
     Time*Group 1 0.277 0.600 0.004 
     Error (Time) 68    
  Between-Subjects Effects     
     Group 1 0.649 0.423 0.009 




Table 19  
 
Two-Way Mixed Repeated Measures ANOVA with Group (Control/Breathing) as Independent 
Variable and CVLT Scores as Dependent Variables  
 
Source df F p 𝜂2 
Dependent Variable: CVLT Learning Total     
  Within-Subjects Effects     
     Time 1 0.334 0.565 0.005 
     Time*Group 1 0.138 0.711 0.002 
     Error (Time) 68    
  Between-Subjects Effects     
     Group 1 0.304 0.583 0.004 
     Error 68    
Dependent Variable: CVLT SD Free Recall     
  Within-Subjects Effects     
     Time 1 2.355 0.130 0.033 
     Time*Group 1 0.116 0.735 0.002 
     Error (Time) 68    
  Between-Subjects Effects     
     Group 1 0.282 0.597 0.004 
     Error 68    
Dependent Variable: CVLT SD Cued Recall     
  Within-Subjects Effects     
     Time 1 0.971 0.328 0.014 
     Time*Group 1 0.787 0.378 0.011 
     Error (Time) 68    
  Between-Subjects Effects     
     Group 1 0.262 0.610 0.004 
     Error 68    
Dependent Variable: CVLT LD Free Recall     
  Within-Subjects Effects     
     Time 1 2.579 0.113 0.037 
     Time*Group 1 1.845 0.179 0.026 
     Error (Time) 68    
  Between-Subjects Effects     
     Group 1 0.120 0.731 0.002 
     Error 68    
Dependent Variable: CVLT LD Cued Recall     
  Within-Subjects Effects     
     Time 1 0.071 0.791 0.001 
     Time*Group 1 1.796 0.185 0.026 
     Error (Time) 68    
  Between-Subjects Effects     
     Group 1 0.373 0.544 0.005 






Difference Scores Between Post-treatment and Baseline Neuropsychological Outcome and 
Perceived Stress Scale Scores for Waitlist Control and Breathing Group 




Perceived Stress Scale  -3.59 (6.99) -3.61 (5.34) 
WAIS DS Forward 0.76 (2.03) 0.73 (1.57) 
WAIS DS Backward 1.25 (1.84) 1.00 (1.95) 
WAIS DS Sequencing 0.14 (1.80) 0.55 (1.77) 
WAIS DS Total  2.03 (3.59) 2.27 (2.92) 
BTACT 30-SACT -4.47 (9.53) -1.85 (6.81) 
OTMT A -0.17 (1.69) -0.36 (1.25) 
OTMT B -13.06 (26.99) -13.60 (28.77) 
DKEFS Letter Fluency 4.59 (8.16) 4.29 (8.75) 
DKEFS Category Fluency -2.97 (7.94) -1.33 (7.38) 
DKEFS Switching Correct -0.46 (3.52) -0.21 (3.57) 
DKEFS Accuracy  -0.57 (3.45) -0.12 (3.64) 
CVLT Learning Total 0.24 (10.41) 1.12 (9.19) 
CVLT SD Free Recall 0.41 (3.18) 0.64 (2.40) 
CVLT SD Cued Recall 0.03 (2.63) 0.52 (1.86) 
CVLT LD Free Recall 0.08 (3.01) 0.97 (2.38) 
CVLT LD Cued Recall -0.32 (2.79) 0.48 (2.18) 








Mediation Models: Comparing Control to Breathing Group (Independent Variable) in the 
prediction of Change in Cognitive Variables (Dependent Variable) via the Potential Mediating 
Variable: Reduction in Stress. 
Dependent Variable 
(DV) 
Effect of IV 
on MV (SE), 
Path A 
Effect of MV 
on DV (SE), 
Path B 
Direct Effect 













       
WAIS DS Forward -.01 (1.50), p= 
.99 
.01 (.04), p = 
.78 




-.001 (.03) [-.05, .07] 
WAIS DS Backward -.05 (1.50), p 
= .97 
-.03 (.04), p 
= .38 




.0009 (.04) [-.09, .09] 
WAIS DS 
Sequencing 
-.01 (1.50), p 
= .99 
-.03 (.03), p 
= .40 




.0002 (.04) [-.09, .09] 
WAIS DS Total  -.01 (1.50), p 
=.99 
-.05 (.06), p 
= .45 




.0002 (.04) [-.08, .08] 
BTACT Count 
Backward 
-.05 (1.50), p 
= .97 
.07 (.16), p = 
.66 




-.0004 (.03) [-.07, .08] 
OTMT A .16 (1.50), p = 
.92 
.008 (.03), p 
= .78 




.0009 (.03) [-.06, .06] 
OTMT B .28 (1.46), p = 
.85 
.33 (.59), p = 
.58 




.003 (.04) [-.06, .09] 
DKEFS Letter 
Fluency 
-.08 (1.50), p 
=.95 
.08 (.16), p = 
.63 




-.001 (.03) [-.08, .06] 
DKEFS Category 
Fluency 
-.01 (1.50), p 
= .99 
-.29 (.15), p 
= .05 




.0004 (.06) [-.15, .12] 
DKEFS Switching 
Correct 
-.01 (1.50), p 
= .99 
-.07 (.07), p 
= .31 




.0002 (.04) [-.09, .09] 
DKEFS Accuracy  -.01 (1.50), p 
= .99 
-.001 (.07), p 
= .91 




.0000 (.03) [-.05, .05] 
CVLT Learning 
Total 
-.01 (1.50), p 
= .99 
-.16 (1.9), p 
= .41 




.0002 (.04) [-.06, .11] 
CVLT SD Free 
Recall 
-.01 (1.50), p 
= .99 
-.07 (.05), p 
= .22 




.0003 (.04) [-.08, .11] 
CVLT SD Cued 
Recall 
-.01 (1.50), p 
= .99 
-.03 (.04), p 
= .48 




.0002 (.04) [-.07, .09] 
CVLT LD Free 
Recall 
-.01 (1.50), p 
= .99 
.01 (.05), p = 
.87 




.0000 (.03) [-.05, .07] 
CVLT LD Cued 
Recall  
-.01 (1.50), p 
= .99 
.01 (.05), p = 
.89 




.0000 (.03) [-.06, .06] 
Note. IV = independent variable; MV = mediating variable; DV = dependent variable; SE = standard error; CI = 
confidence interval. All effect coefficients reported as unstandardized betas 













Schematic depicting reduction in stress as mediator between treatment (control/breathing) and 
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Figure 5  
Schematic depicting reduction in stress as mediator between treatment (control/breathing) and 




Figure 6  
Schematic depicting reduction in stress as mediator between treatment (control/breathing) and 




Figure 7  
Schematic depicting reduction in stress as mediator between treatment (control/breathing) and 




Figure 8  
Schematic depicting reduction in stress as mediator between treatment (control/breathing) and 




Figure 9  
Schematic depicting reduction in stress as mediator between treatment (control/breathing) and 




Figure 10  
Schematic depicting reduction in stress as mediator between treatment (control/breathing) and 




Figure 11  
Schematic depicting reduction in stress as mediator between treatment (control/breathing) and 





Schematic depicting reduction in stress as mediator between treatment (control/breathing) and 




Figure 13  
Schematic depicting reduction in stress as mediator between treatment (control/breathing) and 
improvement in CVLT Total Learning Score   
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Figure 14  
Schematic depicting reduction in stress as mediator between treatment (control/breathing) and 





Figure 15  
Schematic depicting reduction in stress as mediator between treatment (control/breathing) and 




Figure 16  
Schematic depicting reduction in stress as mediator between treatment (control/breathing) and 




Figure 17  
Schematic depicting reduction in stress as mediator between treatment (control/breathing) and 
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